THE  ROYAL  SOCIETY 

FOR  THE  PROMOTION 

OE  HEALTH 

Founded  1876 

LIBRARY  REGULATIONS 

(a)  Books,  periodicals  and  pamphlets  may  be  borrowed  by 
Fellows,  Ordinary  Members,  Associates  and  Affiliates  personally  or 
by  a  messenger  producing  a  written  order.  The  person  to  whom 
such  publications  are  delivered  shall  sign  a  receipt  for  them  in  a 
book  provided  for  that  purpose. 

(b)  Publications  may  be  borrowed  through  the  post,  or  by  other 
means  of  carriage,  upon  a  written  order.  The  postage  or  carriage  o 
publications  returned  to  the  Society  shall  be  defrayed  by  th 
borrower. 

(c)  A  borrower  may  not  have  more  than  three  publications  in 
his  possession  at  one  time. 

(d)  A  borrower  will  be  considered  liable  for  the  value  of  any 
publication  lost  or  damaged  while  on  loan  to  him,  and,  if  it  be  a 
single  volume  or  part  of  a  set,  for  the  value  of  the  whole  work  thereby 
rendered  imperfect.  Marking  or  writing  in  the  publications  is  not 
permitted,  and  borrowers  are  requested  to  call  attention  to  damage 
of  this  character. 

(e)  Books  and  pamphlets  may  be  retained  for  twenty-eight  days. 
Periodicals  may  be  retained  for  fourteen  days.  Applications  for 
extension  of  the  loan  period  must  be  made  in  writing  before  its 
expiry.  No  publication  may  be  kept  longer  than  three  months. 

(f)  Books  and  pamphlets  added  to  the  library  will  not  be  lent 
until  after  the  expiry  of  one  month  from  the  date  received.  The 
current  number  of  a  periodical  may  not  be  borrowed. 

(g)  Borrowers  retaining  publications  longer  than  the  time  speci- 
fied, and  neglecting  to  return  them  when  demanded,  forfeit  the  right 
to  borrow  until  they  be  returned,  and  for  such  further  time  as  may 
be  ordered  by  the  Council. 

Any  borrower  failing  to  comply  with  a  request  for  the  return  of  a 
publication  shall  be  considered  liable  for  the  cost  of  replacing  it, 
and  the  Council  may,  after  giving  due  notice  to  him,  order  it  to  be 
replaced  at  his  expense. 

No  publication  may  be  reissued  to  the  same  borrower  until  at 
least  seven  days  have  elapsed  after  its  return,  neither  may  it  be 
transferred  by  one  borrower  to  another. 

(h)  Publications  may  not  be  taken  or  sent  out  of  the  United 
Kingdom. 

(i)  Publications  returned  through  the  post  must  be  securely 
packed  in  a  box  or  otherwise  adequately  protected. 

(j)  The  Library  may  be  used  for  reference  by  Fellows,  Ordinary 
Members.  Associates  and  Affiliates  during  the  office  hours  of  the 


22101759539  s.w.l 


THE  ROYAL  SOCIETY 

FOR  THE  PROMOTION 

OF  HEALTH 

OO  Buckingham  Palace  Road,  London,  S.W.I 

Class  No...!S*L.1d   Acc.  No  

This  book  is  returnable  on  or  before  the  last  date  Marked  below 


[jllSTi)RlCAr] 


A  TREATISE 

ON 

WATEKWOBKS 


SUPPLY  OF  CITIES  AND  TOWNS. 


THE  ROYAL  SOCIETY 
for  the  Promotion 

OF  HEALTH 

LIBRARY 


A  TREATISE  ON 

WATERWORKS 

Jor  tije  gfcupplfi  of  (Attics  anK  ^ofons 


WITH 


.  DESCRIPTION  OF  THE  PRINCIPAL  GEOLOGICAL  FORMATIONS  OF 
ENGLAND  AS  INFLUENCING  SUPPLIES  OF  WATER 


BY 

SAMUEL  HUGHES,  F.G.S. 

CIVIL  ENOrNEER 


NEW  EDITION,  REVISED  AND  CONSIDERABLY  ENLARGED 


4  ° 


LONDON 

CROSBY    LOCK  WOOD    AND  CO. 

7,  STATIONERS'  HALL  COURT,  LUDGATE  HILL 
1882    ■    ;  , 


WELLCOME  INSTITUTE 
LIBRARY 

Coll. 

welMOmec 

Call 

No. 

PREFACE. 


In  claiming  for  this  little  volume  a  modest  place  in 
Mr.  Weale's  now  celebrated  Rudimentary  Series,  I 
venture  to  offer  a  few  words  of  explanation  as  to  the 
mode  in  which  I  have  been  led  to  treat  the  subject. 

After  a  brief  allusion  in  the  earlier  pages  to  some 
celebrated  works  of  antiquity  and  to  the  ancient  modes 
of  procuring  water  which  were  practised  in  the  East 
the  second  part  of  the  book  is  devoted  to  a  mixed 
geological  and  hydrographical  examination  of  the  sur- 
face of  England. 

This  has  been  thought  necessary  in  consequence  of 
the  extreme  importance  which  physical  structure  exer- 
cises in  every  question  of  Water-supply — an  importance 
which  attaches  alike  to  every  source  of  supply,  whether 
from  springs,  rivers,  wells,  lakes,  or  drainage  areas. 
This  branch  of  the  subject  is  in  itself  so  extensive  that 
I  can  only  pretend  to  have  given  a  very  meagre  and 
imperfect  sketch  of  those  geological  and  other  physical 
conditions  which  affect  the  water-yielding  capacity  of 
various  districts.  I  trust  I  have  said  enough  however 
to  open  up  the  subject  to  the  attention  of  the  young 
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student,  and  to  point  out  the  right  direction  in  which 
his  investigations  ought  to  he  pursued. 

The  third  part  relates  to  the  sinking  of  wells  and 
borings,  on  which  it  has  not  been  necessary  to  enlarge 
very  copiously,  inasmuch  as  the  present  series  already 
contains  a  very  interesting  little  volume  by  Mr.  Swin- 
dell devoted  especially  to  that  subject. 

In  the  fourth  part,  relating  to  pumping  machinery 
for  raising  water,  I  have  attempted  to  describe  the 
principal  varieties  of  engines  and  pumps  used  for  this 
purpose  both  in  this  country  and  America,  and  have 
brought  together  a  mass  of  facts  and  calculations  re- 
lating to  the  duty  and  power  of  pumping  engines  of 
various  kinds,  and  to  the  cost  of  pumping  water,  which 
I  trust  will  not  be  altogether  uninteresting. 

The  subject  of  raising  large  volumes  of  water  by 
means  of  steam  power  engages  unusual  attention  at  this 
time,  not  only  in  reference  to  Waterworks,  but  also  as 
bearing  on  the  sewerage  of  towns,  and  especially  that  of 
the  Metropolis.  I  have  therefore  dwelt  at  some  length 
on  the  questions  connected  with  actual  engine-power, 
(he  nature  and  extent  of  the  surplus  or  auxiliary  power 
which  ought  to  be  employed,  and  the  American  system 
of  using  high-pressure  engines  for  the  auxiliary  power. 
The  calculations  and  tables  which  are  given  in  this  part 
of  the  Work  show  the  great  economy  resulting  from 
this  practice. 

The  fifth  part  relates  to  Waterworks  obtaining  sup- 
plies from  rivers,  streams,  and  drainage  areas,  and  con- 
tains some  observations  on  the  characteristics  and  flow 
of  rivers,  and  on  the  cost  and  dimensions  of  embank- 
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ments  for  impounding  reservoirs.  This  part  also  con- 
tains a  few  particulars  relating  to  filter-beds  and  service 
reservoirs. 

The  last  part  is  devoted  to  the  flow  of  water  in  open 
channels  and  pipes,  and  to  the  subject  of  gauging  the 
flow  of  water  under  various  conditions,  as  in  rivers, 
pipes,  arid  artificial  open  channels,  also  through  orifices 
and  over  weirs. 

It  was  originally  intended  to  have  extended  the  Work 
so  far  as  to  embrace  the  distribution  of  water  in  the 
streets  of  towns,  but  it  was  found  very  difficult  to 
compress  the  preceding  important  divisions  within  a 
sufficiently  small  compass  to  admit  of  this.  The  sub- 
ject of  distribution  therefore  remains  untouched;  and 
as  this  division  of  the  inquiry,  with  all  its  details  of 
mains,  pipes,  services,  standcocks,  hydrants,  etc.  etc., 
will  of  itself  be  amply  sufficient  to  fill  a  single  volume 
of  the  series,  it  is  proposed  to  treat  this  part  of  the 
subject  in  a  separate  form  and  at  a  future  time,  the 
distance  of  which  will  depend  somewhat  on  the  recep- 
tion accorded  by  the  public  to  the  present  humble 
attempt. 

I  avail  myself  of  this  opportunity  to  express  the  very 
sincere  obligations  I  am  under  to  many  kind  friends 
and  professional  acquaintances,  who  have  aided  me  with 
advice  and  information  in  every  department  of  the  sub- 
ject on  which  I  have  sought  assistance. 


14,  Park  Street,  Westminster. 
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The  revised  and  considerably  enlarged  edition  of  this  work 
bears  a  posthumous  character,  and  I  am  certain  that,  inde- 
pendently of  the  recognised  value  of  this  volume,  the  cir- 
cumstance that  its  revision  was  one  of  the  author's  last  acts 
will  lend  to  it  an  additional  and  special  interest. 

I  can  bear  testimony  that  the  revision  of  these  pages  was 
completed  within  a  few  days  of  the  fatal  illness  which 
closed  a  singularly  active  and  useful  life.  Mr.  Hughes's 
professional  career  had  been  unusually  extended  ;  it  may  be 
considered  to  have  commenced  at  a  time  when  railway  enter- 
prise was  being  carried  on  with  much  spirit,  and  he  was 
associated  with  some  of  the  most  distinguished  engineers  of 
the  period  in  the  projection  of  the  principal  schemes  which 
have  since  developed  our  present  admirable  network  of 
railways. 

At  a  later  period,  and  quite  in  another  channel,  the  zealous 
efforts  of  Mr.  Hughes  to  uphold  the  rights  of  public  bodies 
in  the  promotion  of  economic  and  sanitary  measures  attracted 
a  deal  of  attention.  His  views  respecting  large  private 
undertakings,  water  companies,  gas  companies,  &c,  which 
he  was  of  opinion  should  be  vested  under  municipal  control, 
and  conducted  solely  for  public  advantage,  aroused  a  powerful 
feeling  of  antagonism  in  many  quarters  ;  but  there  is  little 
doubt  that  a  few  years  will  see  this  system  developed  to 
an  extent  that  will  do  justice  to  his  convictions. 
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It  has  been  observed  that  he  was  often  identified  with 
extreme  measures.  This  was  to  a  certain  extent  true,  because 
he  initiated  them  ;  but,  in  reference  to  a  subject  to  which 
he  especially  devoted  much  attention— the  supply  of  gas 
—it  is  only  just  to  record  that  the  soundness  of  his  views 
has  been  vindicated  by  the  fact  that  most  of  his  early  sugges- 
tions have  been  gradually  carried  out,  even  in  the  face  of 
considerable  opposition. 

The  inhabitants  of  this  metropolis  are  not  likely  to  forget 
that  in  1860,  upon  the  occasion  of  the  passing  of  the 
Metropolis  Gas  Act,  Mr.  Hughes,  associated  with  Mr.  James 
Beal,  a  gentleman  whose  assiduous  devotion  to  public  inte- 
rests is  so  well  known  and  appreciated,  were  the  pioneers  ol 
a  movement  which  secured  the  subsequent  development  for  the 
public  benefit  of  all  the  late  improvements  introduced  in  tht 
supply  of  gas. 

ARTHUR  SILYERTHORNE,  C.E. 


1,  Westminster  Chambers,  London, 
Septemher,  1872. 
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ON  THE  VARIOUS  MODES  ADOPTED  FOR 
COLLECTING  SUPPLIES  OE  WATER, 


The  sources  from  which  water  is  commonly  procured  have,  in 
reality,  only  one  origin— namely,  the  supply  given  by  nature  in 
the  form  of  rain  and  snow  falling  from  the  clouds.  The  water 
thus  bestowed  may  be  seized  by  man  in  various  forms.  It  may 
be  taken  in  a  comparatively  pure,  distilled  state,  as  it  falls  in  the 
shape  of  condensed  vapour  from  the  clouds,  free  from  admix- 
ture with  any  earthy  salts,  or  infusion  of  any  other  ingredients 
except  those  which  it  meets  with  in  passing  through  the  air. 
It  may  be  collected  from  drainage  areas,  where  the  quantity  of 
rain  happens  to  be  greater  than  that  which  evaporates  and 
sinks  into  the  earth;  again,  it  may  be  taken  from  rivers, 
streams,  or  lakes,  which  are  themselves  supplied  chiefly  from 
drainage  areas:  or,  lastly,  it  may  be  taken  from  wells  or  springs, 
where  the  water  has  accumulated  after  passing  through  strata 
and  rocks  of  various  kinds,  and  become  much  changed  from  its 
original  state  of  purity  by  the  absorption  of  gases  and  by  holding 
m  solution  earthy  salts  and  other  bodies  which  it  has  met  with 
in  its  subterranean  passage. 

With  respect  to  the  first  or  primitive  state  of  watei,  how- 
ever well  adapted  this  may  be  from  its  quality  of  softness,  for 
certain  commercial  and  culinary  purposes,  it  is  confessedly  not 
palatable  for  drinking.  It  fails  entirely  in  that  agreeable  taste 
.'mparted  to  spring  water  by  the  gases,  and  even  by  the  mineral 
matters  held  in  solution.  At  the  same  time  pure  rain  water  is 
so  valuable  for  many  purposes,  and  would  answer  so  well  for 
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many  others  where  quality  is  of  no  consequence  at  all,  that  the 
inquirer  may  at  first  sight  ask  with  some  surprise,  how  it  is 
that  means  are  not  taken  to  collect  the  rain  water  as  it  falls 
from  the  clouds  instead  of  extracting  it  often  by  a  difficult  and 
expensive  process  from  the  bosom  of  the  earth.  Let  us  ex- 
amine this  question  a  little  more  in  detail.  It  is  evident,  until 
mankind  had  made  considerable  progress  in  the  arts,  there  were 
no  roofs  of  houses  or  other  buildings  from  which  rain  water 
could  be  collected,  and  therefore  if  any  attempt  were  made 
to  procure  it  otherwise  than  by  embanking  across  valleys,  and 
collecting  a  certain  portion  of  the  rainfall,  as  practised  at  the 
present  day,  it  must  be  done  by  making  an  artificial  impervious 
surface,  from  which  the  water,  falling  in  the  shape  of  rain  could 
flow  into  cisterns  placed  to  receive  it.  Let  us  suppose  an 
acre  of  surface  so  constructed :  the  expense  of  this  at  the 
present  day  would  probably  not  be  less  than  one  shilling  per 
square  yard,  or  £242  an  acre,  independently  of  the  value  of 
the  land.  Now  the  interest  of  this  sum  alone,  at  5  per  cent., 
would  be  more  than  the  value  of  the  water  which  could  be 
collected  on  an  acre  of  surface,  assuming  an  available  rainfall 
of  30  inches,  which  is  probably  as  much  as  could  be  obtained 
in  dry  years  on  the  average  of  England,  after  deducting  such 
evaporation  as  would  be  unavoidable  in  spite  of  all  precautions. 
The  whole  quantity  of  water  which  could  be  collected  on  an 
acre  of  ground,  from  an  available  rainfall  of  30  inches  per 
annum,  is  under  081,000  gallons,  which,  at  sixpence  per  thou- 
sand gallons  (a  price  at  which  water  can  not  only  be  collected, 
but  conveyed  and  distributed  in  towns,  even  where  pumping 
to  a  high  level  is  necessary),  would  amount  to  little  more  than 
£17,  or  about  the  interest  of  the  money  to  be  laid  out  in  con- 
structing the  gathering  ground  and  purchasing  the  land  alone. 
So  much  for  the  collection  of  perfectly  pure  rain  water  by 
an  artificial  surface.  But  it  may  be  said,  we  possess  in  the 
roofs  of  houses  already  built  in  every  town,  the  means  of  col- 
lecting rain  water  of  tolerable  purity,  except  when  the  atmo- 
sphere is  polluted  by  smoke,  as  in  the  metropolis.    We  shall 
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find,  on  examination,  that  the  quantity  which  could  be  so 
collected  is  wholly  inadequate  for  the  wants  of  any  given  popu- 
lation. Let  us  assume  that  the  roof-surface  of  any  town  or 
large  group  of  houses  is  equal  to  60  square  feet  for  each  indi- 
vidual, an  assumption  which  is  probably  much  in  excess  of  the 
real  fact,  then  the  annual  quantity  of  water  which  would  be 
collected  on  this  surface  on  the  same  supposition  as  before, 
with  respect  to  available  rainfall,  would  be  935  gallons,  or  less 
than  3  gallons  a  day  for  each  individual.  Now  the  common 
allowance  for  towns  in  England,  including  every  kind  of  use, 
both  domestic  and  public,  is  not  less  than  20  gallons  per  head 
per  day,  so  that  the  rainfall  alone  will  only  give  one-seventh  of 
the  quantity  actually  required  ;  or,  in  other  words,  in  order  to 
obtain  the  required  quantity  we  must  assume  an  annual  rainfall 
of  140  inches,  which  is  scarcely  yielded  in  any  part  of  the 
world. 

Professor  Leslie  calculates,  in  his  Elements  of  Natural  Phi- 
losophy, that  the  roof  of  a  lofty  house  in  Paris,  containing  on 
an  average  25  persons,  might  deliver  annually  1800  cubic  feet 
of  rain  water,  which  would  furnish  to  each  individual  daily  the 
fifth  part  of  a  cubic  foot,  or  rather  more  than  one  gallon. 

We  find,  however,  notwithstanding  the  inadequacy  of  the 
quantity,  that  Venice  and  many  other  continental  cities  have 
been  for  many  years  supplied  with  rain  water,  both  from  public 
and  private  reservoirs,  which  are  commonly  constructed  under- 
ground, for  the  purpose  of  receiving  the  water  from  the  roofs. 
Matthews,  in  his  Hydraulia,  describes  one  of  these  public  reser- 
voirs, which  is  situate  under  the  court  of  the  ducal  palace  at 
Venice.  Here  the  underground  cistern  is  provided  with  a 
sand  filter,  through  which  the  water  passes,  and  flows  into  a 
covered  well  in  a  clear  and  transparent  state. 

In  speaking  of  a  surface  to  collect  rain-water  from  which, 
surface  it  is  to  flow  into  a  reservoir,  it  may  bo  necessary  to 
notice,  in  passing,  that  a  reservoir  is  absolutely  necessary,  in 
order  to  prevent  the  loss  of  all  the  water  by  evaporation.  For 
instance,  if  a  man  were  to  make  for  himself  a  tub  or  cistern 
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large  enough  in  surface  to  catch  all  the  rain-water  he  required 
for  his  own  use,  calculating  its  area  simply  from  the  known 
rainfall,  he  would  find  that  evaporation  would  carry  off  all  the 
water  as  fast  as  it  falls,  and  a  great  deal  faster.  From  the 
very  accurate  observations  made  at  the  Highfield  House  Ob- 
servatory, near  Nottingham,  during  the  last  year,  we  learn  that, 
whilst  the  whole  rainfall  was  only  17.3  inches,  the  evaporation 
was  equal  to  41  inches,  or  more  than  double  the  amount  of 
rainfall.  As,  however,  the  evaporation  is  in  direct  proportion 
to  the  area  of  the  surface  exposed,  it  follows  that  the  rainfall  of 
a  very  large  drainage  area  may  be  collected  in  a  small  and  deep 
reservoir  with  a  comparatively  small  loss  from  evaporation. 

There  being  such  obstacles  in  the  way  of  collecting  pure 
rain-water,  we  find  that  mankind  in  the  very  earliest  ages  have 
turned  their  attention  to  the  stores  or  reservoirs  which  nature 
has  provided  in  the  shape  of  springs,  rivers,  streams,  and 
lakes. 

ANCIENT  MODES  OF  OBTAINING  WATER  FROM  WELLS. 

We  shall  not  attempt  to  follow  Mr.  Ewbank  in  his  minute 
details  of  the  earliest  processes  adopted  by  mankind  for  pro- 
curing water,  by  first  kneeling  down  at  the  side  of  a  river  and 
drinking  from  the  surface,  after  the  manner  of  the  inferior  ani- 
mals, and  then  gradually  advancing  to  use  the  hollow  of  the 
hand,  and  the  concave  cases  or  coverings  of  fruits  for  the  pur- 
pose'of  lifting  and  containing  the  water.    All  this  may  be 
interesting  in  an  antiquarian  point  of  view,  but  is  not  within 
the  scope  of  our  present  more  limited  inquiry.    The  first  works 
of  primitive  nations  which  interest  us,  and  require  attention, 
are  the  ancient  wells,  the  remains  of  which  are  scattered  over 
all  the  first  inhabited  countries,  and  the  origin  of  which  pro- 
bably goes  back  as  far  as  the  world  before  the  flood.  The 
earliest  wells  were  probably  mere  drainage  pits,  dug  in  moist 
spots  of  ground  to  allow  of  the  infiltration  of  the  surrounding 
water.    Such  are  the  small  square  wells,  dug  or  scooped  out  ol 
the  earth,  and  discovered  by  travellers  at  the  present  day  \u 
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parts  of  Africa,  New  Holland,  and  other  uncivilised  countries. 
Many  of  them  are  so  shallow  that  they  are  emptied  every  dav, 
and  only  supplied  by  the  water  which  trickles  into  them  during 
the  night. 

Mr.  Ewbank  is  of  opinion,  that  amongst  the  first  people  in 
the  world  these  wells  were  superseded  soon  after  the  seventh 
generation  from  Adam,  about  which  time  the  discovery  of 
metals  took  place,  and  consequently  the  power  of  digging  and 
penetrating  through  rocks.  In  fact,  in  the  very  earliest  records 
which  have  been  handed  down  to  us  from  the  most  remote  an- 
tiquity, as  for  instance  in  the  writings  of  Moses,  we  have 
mention  made  of  wells  ;  and  modern  travellers  have  not  hesi- 
tated to  point  out  the  sites  of  some  of  the  most  ancient  wells  as 
discoverable  at  the  present  day.  Many  of  these  wells,  whose 
origin  dates  from  the  very  earliest  period,  have  passed  through 
both  rock  and  quicksand,  and  therefore  exhibit  a  knowledge  of 
workmanship  and  mode  of  dealing  with  mechanical  difficulties 
which  has  not  always  been  associated  with  such  remote  anti- 
quity. Mr.  Ewbank  in  fact  asserts,  that  to  the  constructors  of 
ancient  wells  in  the  East  we  are  indebted  for  the  only  known 
mode  at  present  adopted  of  sinking  deep  wells  through  quick- 
sands by  the  employment  of  a  curb,  which  settles  and  sinks 
down  as  the  excavation  proceeds. 

Among  the  most  ancient  wells  in  the  world  are  those  which 
bear  the  name  of  the  Patriarch  Jacob  and  his  son  Joseph  ;  the 
former  situate  near  Sychar  (the  Shechem  of  the  Scriptures) 
and  the  latter  near  Cairo  in  Egypt.  Jacob's  Well  has  been 
visited  by  pilgrims  in  all  ages,  and  has  been  minutely  described 
by  Dr.  Clarke,  in  his  Travels.  It  is  9  feet  in  diameter  and 
105  feet  deep,  made  entirely  through  rock  ;  and  when  visited 
by  Maundrell  it  contained  15  feet  of  water. 

Joseph's  Well  at  Cairo  is  297  feet  in  depth,  and  is  altogether 
a  much  more  elaborate  work  than  the  other,  and  indeed  more 
so  than  most  modern  wells.  The  mode  of  raising  the  water 
was  by  means  of  an  endless  rope,  carrying  earthem  pots  or 
buckets,  and  working  over  a  wheel  at  top  and  bottom,  similar 
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to  the  buckets  of  the  modern  dredging  engine,  only  that  the 
chain  of  pots  moved  vertically,  instead  of  working  in  a  sloping 
direction. 

The  endless  rope  carrying  the  pots  was  put  in  motion  by 
oxen  walking  round  in  a  circle  ;  and  as  the  depth  of  the  well 
(nearly  300  feet)  was  too  great  to  be  worked  in  one  lift,  it  was 
divided  into  two  separate  shafts  by  a  compartment  large  enougli 
for  the  oxen  to  work  in,  at  a  depth  of  1G.5  feet  below  the 
surface  of  the  ground.  Herein  arises  the  great  peculiarity  of 
this  well  ;  the  upper  shaft  having  a  section  of  24  feet  by  18, 
with  a  spiral  passage  winding  round  it  from  top  to  bottom,  of 
sufficient  dimensions  to  allow  the  oxen  to  pass  from  the  sur- 
face to  the  working  chamber  at  the  lower  extremity  of  the 
upper  shaft.  The  spiral  passage  is  6  feet  4  inches  wide  and  7 
feet  2  inches  high,  and  is  made  with  so  gradual  an  inclination 
that  persons  ride  up  and  down  upon  asses  or  mules.  The  lower 
shaft  goes  from  the  bottom  of  this  chamber  to  a  further  depth 
of  132  feet.  This  lower  shaft  is  not  in  the  same  line  as  the 
upper  one,  but  a  little  on  one  side,  and  is  smaller  in  dimen- 
sions, being  15  feet  by  9.  The  oxen  working  in  the  chamber 
between  the  two  shafts  raised  the  water  into  a  reservoir  im- 
mediately at  the  bottom  of  the  upper  shaft,  through  which  it 
was  again  raised  to  the  surface  by  another  chain  of  pots,  worked 
by  oxen  at  the  top  of  the  well. 

The  extraordinary  skill  displayed  in  the  construction  of  this 
well  lias  excited  the  admiration  of  all  travellers  who  have 
visited  it.  The  spiral  passage  surrounding  the  upper  shaft  is 
executed  with  the  utmost  precision,  a  very  thin  portion  of  the 
rock  (only  about  G  inches)  being  left  between  the  passage  and 
the  cavity  of  the  well.  Semicircular  openings,  or  loopholes, 
are  formed  at  intervals,  by  which  the  spiral  passage  is  dimly 
lighted  from  the  interior.  Many  curious  conjectures  have 
been  hazarded  as  to  this  remarkable  well  and  its  peculiar  ob- 
long form.  This  latter  has  been  attributed,  with  some  show 
of  reason,  to  the  necessity  for  lighting  the  interior,  and  to  the 
fact  that  this  form  would  admit  the  light  of  the  sun  during 
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more  hours  of  the  day  than  a  square  or  circular  section.  Con- 
flicting opinions  are  also  entertained  as  to  the  date  of  the  well. 
The  common  people  of  Egypt  ascribe  it  to  the  patriarch 
Joseph.  Many  antiquarians,  however,  are  inclined  to  imagine 
the  well  to  be  of  much  more  recent  date  ;  some  ascribing  it  to 
the  famo'us  Saladin  of  the  Crusades,  whose  real  name  was 
Yussef  (or  Joseph)  ;  while  others  believe  it  was  made  by  a 
vizier  named  Joseph  about  800  years  ago. 

The  celebrated  well  of  Memzem  at  Mecca  dates,  according 
to  popular  tradition,  from  a  higher  antiquity  even  than  Jacob's 
Well,  being  in  fact  venerated  as  the  well  from  which  Hagar 
nourished  the  ancestor  of  the  Arabian  people  ;  the  construction 
of  the  well  itself  being  attributed  to  Abraham  and  Isaac. 

The  oasis  of  Thebes  contains  Artesian  wells,  which  have 
been  noticed  by  Arago.  The  practice  of  the  ancient  inhabit- 
ants was  to  dig  square  wells  60  to  SO  yards  in  depth,  through 
the  superficial  vegetable  soil,  clay,  and  marl,  down  to  the  lime- 
stone rocks,  in  which  borings  4  to  8  inches  in  diameter  were 
then  made.  These  holes  were  fitted  with  a  block  of  sandstone, 
which  was  furnished  with  an  iron  ring,  and  was  used  to  stop 
the  supply  when  necessary. 

OTHER  ANCIENT  MODES  OF  COLLECTING  WATER. 

Although  the  very  earJiest  people  appear  to  have  procured 
water  chiefly  from  wells  of  various  kinds,  and  sometimes  from 
reservoirs  and  cisterns  formed  at  spring  heads  to  collect  the 
water,  it  is  evident  that  in  process  of  time  these  means  would  be- 
come inadequate,  and  the  wants  of  increasing  populations  con- 
centrated in  towns  would  require  other  modes  of  supply.  Hence 
we  find  that  aqueducts  were  used  for  conveying  water  into 
towns  from  a  very  remote  period  of  history. 

It  is  probable  that  the  great  canals  and  lakes  of  which  traces 
still  exist  in  Egypt  were  used  as  reservoirs  for  storing  the 
waters  of  the  Nile  in  times  of  flood,  in  order  that  they  might 
be  used  for  irrigating  the  land  during  dry  seasons.  The  great 
aqueducts,  reservoirs,  and  other  hydraulic  works  of  ancient 
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Egypt  are  perhaps  not  less  wonderful,  and  certainly  were  far 
more  useful,  than  their  pyramids  and  colossal  sculptures. 
Savary,  in  his  "  Lettres  sur  VEgypte,"  describes  some  works 
of  extraordinary  magnitude  for  raising  water  into  high  reser- 
voirs near  Cairo,  and  observes  that  in  other  parts  of  the  coun- 
try the  Egyptians  conveyed  the  water  to  the  tops  of  hills, 
where  immense  cisterns  were  hewn  in  the  rocks  to  receive  it, 
and  whence  it  afterwards  flowed  among  deserts,  which  this 
great  people  transformed  into  fertile  fields. 

Many  parts  of  Syria  contain  the  remains  of  aqueducts  which 
are  undoubtedly  of  great  antiquity.  Those  in  the  neighbour- 
hood of  Tyre  and  of  Jerusalem  are  attributed  to  Solomon,  who 
lived  1000  years  before  the  Christian  era.  The  ancient  aque- 
ducts of  Antioch  and  Hamah  have  also  been  noticed  by  many 
modern  travellers. 

The  earliest  account  of  any  aqueduct  for  conveying  water  is 
probably  that  which  is  given  by  Herodotus  (who  was  born 
b.c.  484  years).  He  describes  the  mode  in  which  an  ancient 
aqueduct  was  made  by  Eupalinus,  an  architect  of  Megara,  to 
supply  the  city  of  Samos  with  water.  In  the  course  of  the 
aqueduct  a  tunnel,  nearly  a  mile  in  length,  was  pierced  through 
a  hill,  and  a  channel  3  feet  wide  made  to  convey  the  water. 

The  first  aqueduct  of  ancient  Rome  was  that  constructed 
u.c.  331  years,  by  the  censor  Appius  Claudius,  after  whom  it 
was  named  the  Appia  Claudia.  Before  the  construction  of 
this  work,  which  brought  in  the  water  from  a  distance  of  about 
11  miles,  the  inhabitants  derived  their  supply  from  the  Tiber, 
and  from  wells  and  springs  in  the  immediate  vicinity  of  the 
city. 

About  100  years  later  the  celebrated  aqueduct,  called  the  Aqua 
Martia,  was  commenced  by  Quintus  Martins.  This  began  at  a 
spring  33  miles  from  Home,  the  length  of  the  aqueduct  itself 
being  upwards  of  38  miles,  or  about  equal  to  that  of  the  New 
liivcr.  The  works,  however,  arc  of  a  much  more  gigantic 
character,  there  being  a  series  of  nearly  7000  arches,  some  of 
them  70  to  100  feet  in  height.    Many  aqueducts  were  con- 
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structed  during  the  reign  of  the  Emperors,  as  the  Aqua  Vir- 
ginia, in  the  reign  of  Augustus,  the  aqueduct  for  conveying 
the  Anio  in  the  reign  of  Nero,  and  the  Aqua  Claudia  in 
the  reign  of  Caligula.  This  last  work  commenced  at  the 
distance  of  3S  miles  from  Rome,  and  was  formed  under 
ground  for  36}  miles,  about  3  miles  of  which  consisted  of 
tunnelling.  The  supply  of  water  to  ancient  Rome  was  com- 
puted by  Professor  Leslie,  on  the  authority  of  Sextus  Julius 
Erontinus,  who  was  inspector  of  the  aqueducts  under  the  Em- 
peror Nerva,  and  who  has  left  a  valuable  treatise  on  the 
subject,  at  50  million  cubic  feet  per  day  for  a  population  of  one 
million  souls.  This  gives  the  immense  average  per  head  of  50 
cubic  feet,  or  312  gallons,  a  consumption  quite  unequalled  in 
modern  times,  except  in  the  city  of  New  York,  where  it  is  said 
to  have  amounted  nearly  to  this  quantity. 

The  Roman  aqueducts  were  mostly  built  of  brickwork,  and 
consisted  of  nearly  square  piers  carried  up  to  a  uniform  level, 
allowing  for  the  fall  of  the  water,  and  connected  by  serai- 
circular  arches,  on  which  the  conduit  for  carrying  the  water 
was  placed.  The  conduit  had  a  paved  or  tiled  floor,  side  walls 
of  brick  or  stone,  and  a  roof  formed  by  an  arch  turned  across 
it,  or  by  a  flat  coping  of  stone.  Various  opinions  have  been 
hazarded  by  modern  writers  to  account  for  the  peculiar  practice 
adopted  by  the  Romans  of  conveying  their  water  by  means  of 
a  uniform  channel  through  hills  and  over  valleys,  instead  of 
adopting  the  modern  system  of  following  the  undulations  of 
the  country  by  passing  over  hills  and  descending  to  the  bottoms 
of  valleys.  A  writer  in  Lardner's  Cyclopaedia  thus  expresses 
himself:  "Ignorance  of  the  principle  by  which  liquids  return  to 
their  level  is  shown  in  the  construction  of  aqueducts  by  the 
ancients,  for  supplying  water  to  towns."  This  supposition  is 
grossly  inconsistent  with  the  skill  and  acquaintance  with  the 
laws  of  nature  displayed  by  the  Romans  and  other  great  nations 
of  antiquity,  as  exhibited  in  the  very  aqueducts  which  this 
writer  condemns.  Professor  Leslie  says  nothing  can  be  worse 
founded  than  the  opinion  that  the  Romans  were  unacquainted 
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with  the  laws  of  hydrostatics,  and,  therefore,  with  the  method 
of  conducting  and  raising  water  through  a  train  of  pipes. 
'«  The  ancient  writers,"  he  observes,  "  who  either  treat  of  the 
subject  or  incidentally  mention  it,  are  clear  and  explicit  in  their 
remarks,  while  many  vestiges  of  art  still  attest  the  accuracy  of 
these  statements.  Pliny,  the  natural  historian,  lays  down  the 
main  principle  that  '  water  will  invariably  rise  to  the  height  ot 
its  source.'  He  subjoins  that  leaden  pipes  must  be  employed 
to  carry  water  up  to  an  eminence."  Palladius,  Vitruvius,  and 
other  Soman  writers  describe  the  method  of  conveying  water 
in  leaden  and  earthenware  pipes. 

Some  of  the  Roman  aqueducts  were  uncovered  or  open 
channels,  and  of  course  had  to  be  formed  with  a  uniform  in- 
clination, or  the  water  would  not  have  flowed  through  them  at 
all.  In  other  cases,  where  the  aqueduct  was  covered,  it  was  a 
question  of  expense  between  making  the  conduit  sufficiently 
strong  and  watertight  to  resist  the  great  pressure  of  water  to 
which  it  would  have  been  subjected  in  the  valleys,  or,  on  the 
other  hand,  raising  it  a  sufficient  height  to  make  the  flow  uni- 
form and  reduce  the  pressure  to  a  minimum.  It  was  not,  in  fact, 
till  the  introduction  of  cast-iron  pipes,  strong  enough  to  with- 
stand the  pressure  of  a  column  of  water  equal  to  several  hun- 
dred feet  of  vertical  height,  that  the  moderns  were  able  to  adopt 
the  mode  of  crossing  hills  and  valleys  by  following  the  undula- 
tions of  the  ground.  In  the  construction  of  the  New  River  aque- 
duct,only2G0  years  ago,  no  other  principle  was  thought  of  than 
that  of  a  uniform  channel  for  the  water ;  the  only  difference  be- 
tween this  and  tho  Roman  aqueducts  being  its  excessively  timid 
character  ;  for,  instead  of  boldly  passing  through  hills  and  over 
valleys,  it  winds  around  the  former  and  creeps  up  the  latter  in 
order  to  diminish  every  artificial  work  to  its  least  possible 
dimensions.  Yet  who  ever  thinks  of  decrying  the  New  River, 
or  treating  contemptuously  the  skill  displayed  by  its  con- 
structors ?  Considering  the  period  of  its  execution,  it  was  as 
great  a  work  as  any  which  distinguishes  our  own  times. 

Some  of  the  Roman  aqueducts  were  remarkable  for  being 
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built  in  tiers  or  arcades  one  above  another,  and  several  of  those 
which  supplied  the  imperial  city  brought  in  the  water  of 
separate  streams  at  different  levels  one  over  the  other. 

Nor  did  the  genius  and  enterprise  of  the  Roman  people  rest 
content  with  the  embellishment  and  improvement  of  their  own 
immediate  territory  by  means  of  these  magnificent  works  of 
art.  Throughout  all  the  continents  of  the  old  world,  wherever 
the  Roman  eagles  have  penetrated  for  conquest  and  civilisation, 
there  we  find  the  remains  of  their  gigantic  aqueducts.  Not 
only  Italy  and  Sicily,  but  the  more  distant  lands  of  Greece, 
France,  and  Spain,  contain  abundant  traces  of  these  great 
works. 

Both  the  Moors  and  the  Romans  have  left  remains  of  many 
magnificent  hydraulic  works  in  Spain.  An  embankment  6G 
feet  wide  and  150  feet  high,  stretches  across  a  gorge  on  the  road 
from  Alicante  to  Xativa,  and  dams  up  the  mountain  torrents 
into  an  immense  reservoir. 

The  Roman  aqueducts  of  Segovia  and  Seville  still  supply 
those  Spanish  towns  with  water  ;  while  the  noble  aqueducts  of 
Nismes,  Metz,  and  Lyons,  in  the  south  of  France,  are  im- 
perishable monuments  of  Roman  renown  during  their  posses- 
sion of  ancient  Gaul.  The  Pont  du  Gard,  that  wonderful 
structure  consisting  of  three  tiers  of  arcades  placed  one  over 
the  other  to  the  height  of  150  feet  above  the  valley,  still  ex- 
hibits the  sectional  area  of  the  Nismes  aqueduct.  M.  Genieys, 
formerly  engineer-in-chief  to  the  municipality  of  Paris,  cal- 
culates the  quantity  of  water  supplied  by  this  aqueduct  at 
nearly  14  million  gallons  per  day. 

The  ancient  works  executed  under  the  later  Roman  emperors 
for  the  supply  of  Constantinople,  combine  the  system  of  aque- 
ducts with  the  collection  and  impounding  of  water  bv  means  of 
reservoirs  at  the  head  of  the  aqueduct.  The  impounding  re- 
servoirs are  situate  about  12  miles  from  the  city  on  the  slopes 
of  a  range  of  mountains,  which  form  the  south-eastern  pro- 
longation of  the  great  Balkan  chain.  There  are  four  principal 
aqueducts,  one  of  which  conveys  the  water  collected  by  three 
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separate  reservoirs,  while  the  other  three  are  each  supplied  bj 
its  own  reservoir.  Besides  these  extensive  provisions  for 
securing  water  to  the  city  there  are  immense  subterranean  re- 
servoirs, one  of  which,  now  in  ruins,  is  called  the  Palace  of  the 
Thousand  and  One  Pillars,  not  because  this  is  the  precise  num- 
ber supporting  the  roof,  but  because  the  number  is  a  favourite 
one  in  the  expression  of  eastern  hyberbole.  This  great  sub- 
terranean cistern  is  supposed  to  have  been  made  by  the  Greek 
emperors  for  the  purpose  of  storing  water  in  case  of  a  siege 
or  similar  calamity.  Although  originally  of  great  depth,  it  is 
now  nearly  filled  up  with  earth  and  rubbish.  It  is  singular 
that  in  the  nineteenth  century  we  are  reviving  in  our  covered 
reservoirs,  for  the  purpose  of  storing  water  in  a  state  of  fresh- 
ness and  uniform  temperature,  the  practices  which  were  fol- 
lowed nearly  2000  years  ago  by  nations  whose  modern  de- 
scendants are  half  barbarians. 

The  works  of  the  ancient  Peruvians,  constructed  for  the  pur- 
pose of  irrigating  vast  rainless  districts  of  country,  are  not  in- 
ferior to  those  which  have  been  executed  by  other  nations. 
The  necessity  for  water  in  South  America  will  be  well  under- 
stood when  we  reflect  that  along  the  coast  there  are  districts 
of  2000  miles  in  extent  in  which  no  rain  ever  falls.  Some 
very  interesting  notices  of  the  ancient  aqueducts  and  wells  of 
Peru  are  contained  in  Garcillasso's  Royal  Commentaries  of 
Peru,  which  were  translated  into  English  by  Sir  Paul  Ricaut 
and  published  in  London,  16S8. 

He  relates  that  the  ancient  Incas  devoted  much  of  their 
paternal  care  and  attention  to  the  improvement  of  the  country, 
and  amongst  other  great  works  constructed  numerous  aque- 
ducts for  conveying  water  from  the  hills  to  fertilise  the  other- 
wise dry  and  desert  parts  of  the  country.  Instances  arc 
related  of  insignificant  streams  being  conveyed  a  distance  of  GO 
miles  for  the  purpose  of  irrigating  a  few  acres  of  land. 

One  of  the  Incas  made  an  aqueduct  120  leagues  in  length, 
to  convey  the  water  of  certain  springs,  which  rose  near  the  sum- 
mit of  a  high  mountain  between  Parcu  and  Picuy.    The  aque- 


ORIGIN   OF  SPRINGS. 


13 


duct  was  12  feet  in  depth,  and  watered  a  tract  of  country  more 
than  50  miles  in  breadth.  Another  great  Peruvian  aqueduct, 
150  leagues  in  length,  traverses  the  whole  extent  of  one  large 
province,  and  irrigates  a  vast  extent  of  dry  and  arid  pasture  land. 
The  Peruvians  do  not  appear  to  have  practised  the  method  of 
traversing  valleys  by  bridging  them  over  with  arches,  but  con- 
veyed their  water  round  the  mountains,  following  such  a  con- 
tour as  gave  them  a  proper  inclination  for  the  water-course — 
something  in  the  same  style  as  that  in  which  the  New  River 
was  originally  brought  from  Chadwell  Springs  into  London. 
It  appears  from  the  account  of  Garcillasso,  that  the  Peruvians 
had  numerous  wells,  from  which  water  was  raised  for  irrigation 
and  other  purposes ;  but  at  the  time  of  the  Spanish  conquest 
many  of  these  wells  were  used  as  hiding-places  to  conceal 
treasure,  and  being  filled  up  with  earth,  in  order  more  effec- 
tually to  hide  them,  the  sites  became  obliterated,  and  all  traces 
of  the  wells  were  destroyed. 

ON   THE    ORIGIN    AND   NATURE    OF    SPRINGS,    AND  THE  WATER 
PROCURED   FROM  SPRINGS. 

Of  the  water  which  falls  from  the  clouds  in  the  form  of  rain 
and  snow  a  certain  proportion  runs  off  the  surface,  and  is 
received  by  rivers  and  open  water-courses ;  another  portion 
enters  into  union  with  vegetable  substances,  a  third  portion  is 
evaporated  from  the  surface,  and  a  fourth  portion  sinks  into 
the  soil,  and  passing  through  strata  which  are  more  or  less 
porous,  forms  the  subterranean  reservoir  which  yields,  under 
certain  favourable  circumstances  those  fresh,  cool,  and  deli- 
cious springs,  that  are  met  with  in  nearly  every  part  of  the 
world.  To  determine  the  proportion  of  the  whole  rainfall 
which  actually  sinks  into  the  ground  to  be  again  yielded  by 
the  earth  in  the  form  of  springs,  is  one  of  the  most  interesting 
problems  presented  to  the  study  of  the  hydraulic  engineer. 
Nor  is  it  less  important  to  determine  the  proportion  which  will 
naturally  flow  off  the  surface  into  collecting  or  impounding 
reservoirs,  this  being  the  question  which  has  usually  to  be 
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solved  in  considering  the  supplies  of  water  to  be  obtained 
from  gathering  grounds  or  drainage  areas.  It  is  obvious  that 
the  proportions  vary  much  according  to  circumstances  ;  they 
depend  greatly  upon  climate,  and  upon  the  geological  forma- 
tion of  the  district,  and  they  vary  also  according  to  the  season 
of  the  year.  Thus  in  warm  weather  everywhere,  and  in  tro- 
pical climates  throughout  the  year,  the  evaporation  must  be  very 
much  greater  than  in  colder  seasons  and  climates,  so  that,  sup- 
posing the  rainfall  to  be  equal,  and  all  other  things  alike  excepi 
the  temperature,  the  quantity  of  water  sinking  through  the 
surface  to  form  springs,  and  the  water  running  off  to  form 
rivers,  will  be  much  less,  in  the  warm  than  in  the  cold  climate. 
Again,  with  respect  to  geological  structure,  it  is  evident  that 
a  district  of  retentive  impermeable  clay  will  carry  off  much 
more  water  in  its  streams  and  rivers,  will  admit  of  greater 
evaporation,  and  will  allow  less  to  sink  into  the  ground  than  a 
district  composed  of  permeable  gravel,  sand,  or  porous  rocks. 
The  physical  shape  and  configuration  of  a  country  has  also 
much  to  do  with  the  proportions  in  which  the  rainfall  is  dis- 
posed of.  Thus,  all  other  things  being  alike,  a  very  hilly  or 
undulating  country,  full  of  steep  slopes  and  declivities,  will 
evidently  pass  off  more  water  on  the  surface,  admit  of  less 
evaporation  and  of  less  sinking  below  the  surface  than  one 
with  a  more  level  surface.  It  is  a  subject  of  regret,  that  few 
observations  of  a  trustworthy  nature  have  been  made  to  deter- 
mine the  proportion  of  the  whole  rainfall,  which  sinks  into  the 
ground  in  different  districts.  Such  observations  as  we  do 
possess  have  frequently  been  made  by  partizana  in  order  to 
support  some  view  or  theory  of  their  own,  and  in  other  rases 
have  boon  made,  rather  with  the  collateral  object  of  comparing 
uiie  district  with  another,  than  to  determine  the  absolute 
quantity  which  penetrates  in  any  one  given  district.  Dr. 
Dal  ton  found,  in  the  course  of  three  years'  experiments  on  the 
new  red  sandstone  soil  of  Manchester,  that  2/5  per  cent,  of  the 
whole  rainfall  penetrated  to  the  depth  of  3  feet.  Mr.  Char- 
nock  in  his  experiments  during  five  years,  on  the  magnesian 
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limestone  soil  of  Ferrybridge,  in  Yorkshire,  found  that  only 
19.6  per  cent,  of  the  whole  rainfall  filtered  through  to  the 
depth  of  3  feet,  while  Mr.  Dickinson,  having  observed  the 
infiltration  during  eight  years  through  the  sandy  gravelly  loam 
which  covers  the  chalk  in  the  valleys  around  Watford,  found 
that  as  much  as  42- 4  per  cent,  of  the  whole  rainfall  penetrated 
to  this  depth.  It  is  considered,  that  observations  made  with 
Dalton's  rain-gauge,  which  indicates  the  quantity  penetrating 
to  the  depth  of  3  feet,  may  be  depended  on  as  correct,  to 
determine  the  yield  of  subterranean  water  in  a  given  district, 
because  it  is  probable,  that  at  and  beyond  the  depth  of  3  feet, 
no  evaporation  takes  place  into  the  atmosphere.  Mr.  Dickin- 
son's experiments  are  very  interesting,  as  they  indicate  not  only 
the  quantity  which  penetrates  annually,  but  the  varying  pro- 
portion in  each  month.  The  following  table,  showing  the 
result  of  Mr.  Dickinson's  observations  during  the  eight  years, 
from  1835  to  1843,  has  been  published  in  a  paper  by  Mr. 
Parkes  in  the  Journal  of  the  Eoyal  Agricultural  Society. 
Vol.  V.,  p.  14?. 


Mean  Fall. 

Mean  Infiltration. 

Per  Cent. 

January  . 

.  1-847 

1-307 

.  70-7 

February  . 

.  1-971 

.  1-547 

.  78-4 

March 

.  1617 

.  1-077 

.  66-6 

April 

.  1-456 

.  0-306 

.  21-0 

May  . 

.  1-856 

.  0-108 

5-8 

June  . 

.  2-213 

.     0  039 

1-7 

July. 

2-287 

.  0-042 

1-8 

August 

.  2-427 

.  0-036 

1-4 

September 

.  2-639 

0-369 

.  13-9 

October 

2-823 

.  1-400 

.  49-0 

November 

.  3-837 

.      3  258 

.  84-9 

December  . 

.  1-641 

.  1-805 

.  100-0 

26  614 

11-294 

424 

It  appears  from  these  observations  that  in  the  first  three 
months  of  the  year  the  quantity  which  penetrates  is  about  70 
per  cent,  of  the  whole  rainfall,  that  in  the  winter  months  of 
November  and  December  nearly  the  whole  rainfall  sinks  into 
the  earth,  while  in  the  four  summer  months,  from  May  to 
Aug'ist  inclusive,  the  quantity  which  sinks  is  exceedingly  small 


1G  ORIGIN  AND 

amounting  on  the  average  to  little  more  than  2  per  cent,  ol 
the  whole  rainfall. 

Mr.  Stephenson,  in  his  report  on  the  spring  water  from 
Watford,  calculates  the  area  or  watershed  draining  into  the 
rivers  Verulam  and  Colne  at  113^  square  miles,  and  he 
assumes  the  annual  rainfall  of  the  district  at  20  inches.  The 
total  quantity  of  rain  falling  on  this  surface  would  thus  be 
equal  to  14|  millions  of  cubic  feet  in  24  hours.  Mr.  Telford 
found  that  in  a  dry  season  the  rivers  which  drain  this  district 
carried  off  30  cubic  feet  per  second,  or  about  2|  million  feet 
in  24  hours,  which  is  equal  to  nearly  3|  inches  of  rainfall. 
Dr.  Thomson,  however,  calculates  the  quantity  carried  off  by 
the  streams  and  springs  at  4  inches,  and  Mr.  Stephenson 
adopts  this  quantity  in  his  calculations.  He  then  assumes 
that  the  evaporation  in  a  chalk  district,  together  with  the 
quantity  absorbed  by  animal  and  vegetable  life,  is  equal  to  one- 
third  of  the  whole  rainfall. 

The  following  table  therefore  represents  the  results  which 
Mr.  Stephenson  arrived  at  for  the  chalk  district  round 
Watford  :  — 

Millions  of     Indies  of 
Cubic  feet      rain  per 
per  day.  annum. 

Quantity  carried  off  by  rivers  and  streams      .       .  3  4 
Quantity  evaporated  and  absorbed  by  animal  and 

vegetable  life    ...  5  6f 

Quantity  sinking  into  the  ground  to  form  springs    .  G\  9jt 

Total  rainfall        .  .Hi  21) 

Proportion  of  rainfall  which  sinks  below  the  surface,  44  8  per  cent, 

On  referring  to  Mr.  Dickinson's  table  at  page  30,  it  will  ha 
Keen  that  the  quantity  which  he  determined  from  actual  experi- 
ment as  penetrating  below  the  surface  was  11  "3  inches  out  of  a 
total  rainfall  of  2G"G  inches.  This  is  equal  to  about  42  4  per 
cent.,  or  rather  less  than  Mr.  Stephenson's  calculation.  Other 
observers  who  have  written  on  this  subject  have  calculated, 
roughly,  in  formations  less  absorbent  than  the  chalk,  that 
streams  and  rivers  carry  off  one- third  of  the  total  rainfall,  that 


NATURE  OF  SPRINGS.  17 

another  third  evaporates  and  enters  into  animal  and  vegetable 
life,  while  the  remaining  third  sinks  into  the  earth  to  form 
subterranean  sheets  of  water,  and  breaks  out  again  in  the  form 
of  springs.  Mr.  Prestwich,  an  able  and  practical  geologist, 
who  has  distinguished  himself  by  numerous  papers  of  great 
value,  and  who  has  devoted  himself  to  a  very  interesting  ex- 
amination of  the  tertiary  and  cretaceous  formations  surround- 
ing the  metropolis,  has  given,*  as  the  result  of  close  examination 
and  experiment,  the  following  table,  to  show  the  probable 
amount  of  infiltration  into  three  of  the  principal  water  bearing 
strata  which  surround  the  metropolis  : — 


Total  mean 

Amount  of 

annual  rainfall. 

infiltration. 

Inches. 

Inches. 

Per  cent. 

Lower  tertiary  sand 

25 

12 

48 

Upper  green  sand  .        .  , 

28 

10 

30 

Lower  green  sand  . 

2Gi 

1G 

60 

Springs  which  break  out  on  the  surface  of  the  ground  are 
caused  in  various  ways  :  sometimes  by  simple  superposition  of 
a  porous  stratum  on  one  which  is  impervious  to  water,  and 
sometimes  by  the  action  of  faults. 

The  annexed  figures  represent  one  of  the  most  simple  con- 
ditions under  which  springs  are  met  with,  where  c  is  a  cap  of 


Pig.  1.  Fig.  2.  Fig.  3. 


*  Prestwich  on  the  Water-bearing  Strata  of  London,  p.  120.  John  Van 
Voorst,  1851. 
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porous  sand  or  gravel,  resting  on  d,  an  impermeable  mass  of 
clay.  In  this  case  a  portion  of  the  water  falling  on  the  porous 
surface  of  the  covering  will  penetrate  downwards  until  it  is 
stopped  by  the  clay,  and  will  break  out  at  a  and  b  in  the  form 
of  springs.  Where  the  underlying  clay  has  a  basin-shaped  or 
hollow  form  the  water  will  accumulate  in  the  lower  part  of  the 
sand  to  the  level  of  the  horizontal  line  a  b,  and  below  this  line 
the  sand  will  be  permanently  saturated  with  water.  A  great 
many  of  the  shallow  springs  around  London  arise  from  the  water 
lodging  in  depressions  filled  with  porous  gravel,  which  rest  on 
the  thick  beds  of  London  clay  beneath.  Hampstead  Heath  is 
another  example  where  a  mass  of  porous  sand  rests  on  a  thick- 
bed  of  impermeable  London  clay.  At  a  number  of  points  all 
round  the  heath,  the  water  escapes  from  the  sand  in  springs, 
and  finds  its  way  over  the  surface  of  the  London  clay.  There 
are  a  great  many  towns  situated  in  clay  districts  all  over  Eng- 
land, where  the  water  is  procured,  either  from  springs  arising 
in  the  drift-gravel  lodged  in  basins  and  hollows,  or  from  wells 
sunk  into  this  drift-gravel  to  a  point  below  the  line  of  satura- 
tion. Many  of  the  surface  wells  of  London  drew  their  supply 
from  this  source,  the  water  being  derived  from  what  were 
termed  land-springs,  to  distinguish  it  from  the  deep  well-water 
lying  below  the  London  clay.  Many  towns  on  the  new  red 
sandstone,  as  Leicester,  Nottingham,  Wolverhampton,  &c, 
had  shallow  wells  under  the  same  circumstances.  The  water 
procured  from  wells  of  this  description  is  commonly  very  infe- 
rior to  that  drawn  from  deeper  levels. 

Figure  4,  taken  from  Dr.  Buck-land's  Bridgewater  Treatise, 


exhibits  the  origin  of  two  kinds  of  springs.     The  valley  B  in 
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this  figure  is  one  in  which  springs  are  caused  by  contact  of  a 
permeable  with  an  impermeable  stratum,  and  the  hill  c  is  one  on 
the  sides  of  which,  as  at/,  springs  are  caused  by  the  action  of 
a  fault.  The  following  description  is  in  the  words  of  the  dis- 
tinguished author  of  the  Bridgewater  Treatise.  "  The  hills  a, 
c,  are  supposed  to  be  formed  of  a  permeable  stratum,  a  a'  a", 
resting  on  an  impermeable  bed  of  clay,  b  b'  b".  Between  these 
two  hills  is  a  valley  of  denudation  b.  Towards  the  head  of  this 
valley  the  junction  of  the  permeable  stratum  a  a'  with  the  clay 
bed  b  b'  produces  a  spring  at  the  point  s ;  here  the  intersection 
of  these  strata  by  the  denudation  of  the  valley  affords  a  peren- 
nial issue  to  the  rain-water  which  falls  upon  the  adjacent  up- 
land plain,  and  percolating  downwards  to  the  bottom  of  the 
porous  stratum  a  a,  accumulates  therein  until  it  is  discharged 
by  numerous  springs,  in  positions  similar  to  s,  near  the  head 
and  along  the  sides  of  the  valleys  which  intersect  the  junction 
of  the  stratum  a  a  with  the  stratum  b  b'. 

"  The  hill  c  represents  the  case  of  a  spring  produced  by  a 
fault  h.  The  rain  that  falls  upon  this  hill,  between  H  and  d, 
descends  through  the  porous  stratum  a"  to  the  subjacent  beds 
of  clay  b".  The  inclination  of  this  bed  directs  its  course 
towards  the  fault  H,  where  its  progress  is  intercepted  by  the  dis- 
located edge  of  the  clay  bed  b',  and  a  spring  is  formed  at  the 
point/.  Springs  originating  in  causes  of  this  kind  are  of  very 
frequent  occurrence,  and  are  easily  recognised  in  cliffs  upon  the 
sea  shore.  Three  such  cases  may  be  seen  on  the  banks  of 
the  Severn,  near  Bristol,  in  small  faults  that  traverse  the  low 
cliff  of  red  marl  and  lias  on  the  N.E.  of  the  Aust  passage. 
In  inland  districts  the  fractures  which  cause  these  springs  are 
usually  less  apparent,  and  the  issues  of  water  often  give  to  the 
geologist  notice  of  faults,  of  which  the  form  of  the  surface 
affords  no  visible  indication." 

Other  conditions  under  which  water  occurs,  are  illustrated 
in  figs  .5,  C,  and  7.  In  fig.  5  a  is  an  impermeable  cap  of  clay, 
resting  on  a  porous  bed,  b,  which  in  its  turn  rests  on  an  im- 
permeable stratum,  o.     The  water  which  falls  on  the  sul  fat  e 


*u  ORIGIN  AND 

of  b,  and  perhaps  some  of  that  which  falls  on  a,  will  sink  into 

Fig.  5. 


the  porous  stratum  b,  and  accumulate  nearly  to  the  level  of 
a  b,  at  which  level  it  is  drained  by  springs,  'breaking  out  at 
c  In  wells  sunk  at  e  and/,  the  water  will  rise  to  the  level 
of  the  line  ah;  also,  in  borings  made  at  d,  the  water  will 
probably  rise  through  the  bore-hole  and  overflow  the  surface, 
forming  what  is  called  an  overflowing  Artesian  well.  It  is 
evident,  if  the  mass  a  covered  the  permeable  strata  to  a  higher 
level  than  c,  namely,  to  as  high  a  level  as  the  edges  of  the  bed 
c,  then  the  line  of  saturation  would  correspond  with  that  upper 
level— a  distinction  which  will  be  sufficiently  understood  by 
inspection  of  fig.  5,  without  the  aid  of  another  diagram. 

Fig.  6  represents  the  case  of  a  basin  drained  by  a  river 

Fig.  0. 


and  having  an  inclined  line  of  saturation.  Here  a,  n,  and  c, 
represent  the  same  succession  of  strata  as  in  fig.  5.    At  a 
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is  a  nver,  where  the  water  lodged  in  b  finds  the  means  of 
escape ;  and  hence  the  line  of  saturation  and  the  height 
to  which  water  will  rise  in  wells  becomes  the  line  a  b,  drawn 
from  the  outcrop  of  c  to  the  mean  level  of  water  in  the 
river  at  a. 

It  is  evident,  if  any  part  of  the  surface  of  b  should  lie 
below  a  b,  then  we  may  expect  to  meet  with  springs  breaking 
out  on  the  surface  ;  and  so,  if  any  part  of  the  surface  of  a 
should  lie  below  a  b,  then  we  may  expect  to  find  overflowing 
Artesian  wells,  as  in  fig.  5. 

It  is  probable  that  the  line  of  saturation,  ah,  is  not  inva- 
riably a  straight  line,  but  in  dry  seasons  is  depressed  into 
a  hollow  curve  beneath  the  straight  line,  while  in  wet  seasons 
it  swells  into  a  convex  curve  above  the  straight  line.  If 
we  conceive  it  to  swell  in  wet  seasons  to  such  an  extent 
as  to  cut  the  surface  d  at  any  point  to  the  right  of  the 
mass  a,  we  shall  have  for  a  time  a  spring  flowing  at  that 
point.  This  is  one  mode  of  accounting  for  intermittent 
springs,  some  of  which  will  be  hereafter  noticed  in  speaking 
of  chalk  districts. 

Fig.  7  shows  an  arrangement  of  strata  which  often  prevails 

Jig.  7. 


in  nature,  the  impervious  mass  c  cropping  out  at  very  dif- 
ferent levels,  a  and  b.  Here  the  line  of  saturation  also  will 
be  inclined  from  b  to  a,  and  at  this  level  the  water  will  stand 
in  wells  sunk  between  a  and  b.  This  explanation  is  somewhat 
at  variance  with  that  given  for  fig.  1,  plate  69,  of  Dr.  Bucs.- 
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land's  Bridgewater  Treatise,  where  in  a  diagram  somewhat 
similar  to  this  the  water  level  is  described  to  be  at  the  level  of 
a  horizontal  line  drawn  through  a.  This  would  perhaps  be  the 
case  theoretically,  if  we  conceive  the  stratum  b  thoroughly  and 
completely  porous,  and  offering  no  resistance  whatever  to  the 
passage  of  the  water.  In  other  words,  if  we  suppose  b  to  be  a 
liquid  mass,  of  course  the  water  will  stand  no  higher  than  the 
level  of  a.  This  is  in  reality  so  far  from  being  the  case  that  in 
all  valleys,  such  as  that  represented  in  fig.  7,  the  water  stands 
at  different  levels,  these  being  higher  as  we  approach  the 
elevated  outcrop  and  lower  as  we  descend.  The  observations 
of  Mr.  Clutterbuck,  with  reference  to  the  water-level  in  chalk 
wells  between  Watford  and  London,  completely  confirm  tills 
view. 

SPRINGS  CAUSED  BY  FAULTS. 

Figs.  8  and  9  show  one  of  the  most  common  modes  of  oc- 
currence where  the  fault  x  has  caused  a  dislocation  of  the 


Fig.  9. 
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strata,  and  brought  down  the  impermeable  bed  a  in  contact 
with  the  porous  stratum  B.  Fig.  8  shows  the  spring  breaking 
out  in  the  valley  at  x,  but  the  same  effect  sometimes  takes 
place  near  the  tops  of  hills  or  on  high  table  land  as  at  x,  fig.  9, 
especially  if  the  beds  in  b  dip  towards  x. 

Another  class  of  springs  is  frequently  caused  by  the  fault 
in  pervious  rocks  being  filled  up  with  clay  or  other  matter  im- 
permeable by  water.  Such  arc  many  of  the  faults  in  limestone 
districts,  as  in  the  carboniferous  limestone  of  Gower,  where  the 
faults  are  commonly  filled  with  clay,  which  acts  as  a  perfect 
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dam,  and  throws  out  the  water  at  the  surface.  It  has  been 
observed  by  geologists  that  the  occurrence  of  springs  in  lime- 
stone districts  is  one  of  the  best  indications  of  the  existence  of 
faults.  In  the  carboniferous  district  of  Gower  the  limestone  is 
traversed  by  a  succession  of  nearly  parallel  faults,  which  range 
across  the  limestone  at  right  angles  to  the  coast  line.  The 
lines  of  these  faults  are  invariably  marked  on  the  surface  by  a 
series  of  springs  breaking  out  at  different  levels  from  that  of 
the  sea,  up  almost  to  the  summit  of  the  country.  The  lower 
springs  are  far  the  most  copious,  and  some  of  those  near  the 
level  of  the  sea  never  cease  to  flow,  while  those  at  the  higher 
levels  are  readily  affected  in  dry  seasons,  and  often  cease  for 
months  together  to  yield  a  drop  of  water. 

Springs  arising  from  faults,  unlike  those  caused  by  alterna- 
tions of  strata  in  valleys  of  denudation, are  by  no  means  confined 
to  combes  or  valleys.  On  the  contrary,  they  often  appear  on 
table  lands  and  other  high  elevations.  The  great  boundary 
fault  of  the  Dudley  coal  field,  in  the  neighbourhood  of  Wolver- 
hampton, where  the  magnesian  limestone  and  red  sandstone 
marls  are  brought  down  in  contact  with  the  coal  measures,  gives 
rise  to  numerous  springs  almost  at  the  summit  of  an  elevated 
district  along  the  margin  of  the  coal  field.  Many  of  these 
springs  burst  up  in  an  almost  vertical  direction,  and  may  be 
seen  in  several  cases  breaking  through  the  hard  surfaces  of 
roads  and  flowing  over  into  the  gutters. 

There  are  numerous  other  conditions  connected  with  the 
juxtaposition  of  strata  which  give  rise  to  springs.  Some  of 
these  will  be  noticed  in  speaking  of  the  principal  water-bearing 
formations  of  this  country.  In  a  work  of  this  description, 
however,  it  would  evidently  be  impossible  to  go  into  all  the 
details  of  the  subject.  Hence  we  have  been  obliged  altogether 
to  omit  the  phenomena  of  springs  arising  from  many  peculiar 
cases  of  alternating  strata,  as  well  as  those  arising  from  the 
unconformability  of  rocks  and  other  stratigraphical  arrange- 
ments, the  consideration  of  which  would  be  more  suitable  tor 
purely  geological  treatise 
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ON  THE   SPRINGS   OF   CHALK  DISTRICTS. 

The  chalk  is  a  formation  of  great  extent,  not  only  in  Eng- 
land, but  all  over  Europe,  and  there  is  every  reason  to  suppose 
that  at  a  former  period — of  course  long  before  the  age  of  his- 
tory— it  overspread  nearly  two-thirds  of  the  whole  of  this  con- 
tinent. Its  extraordinary  composition,  due  in  a  great  mea- 
sure to  the  exuviae  and  other  remains  of  entomostraca  and 
other  microscopic  beings,  mingled  with  white  mud,  like  that 
of  tropical  seas,  and  the  debris  of  coral  islands,  and  abounding 
with  large  forms  of  marine  organic  life,  clearly  point  out  the 
great  conditions  under  which  the  chalk  of  England  has  been 
formed,  namely  in  the  deep  and  tranquil  seas  of  a  former  world, 
swarming  with  all  the  rich  and  varied  fauna  peculiar  to  such 
conditions.  To-day  we  find  this  great  ocean  bed  of  white 
mud  hardened,  consolidated,  and  raised  up  into  dry  land,  oc- 
cupying many  thousand  square  miles  of  territory,  and  present- 
ing every  kind  of  undulation  and  irregularity  of  surface.  Even 
when  we  come  to  the  outside  or  escarpment  of  a  chalk  district, 
v:e  find  a  broken  truncated  outline,  which  shows  clearly  that 
this  great  formation  once  extended  much  further  than  its  pre- 
sent limits,  and  tells  its  own  tale  in  language  as  plainly  as  the 
two  opposite  chalk  cliffs  of  France  and  England  show  that 
the  chalk  has  formerly  been  continuous  between  the  two  coun- 
tries. Again,  when  we  see  the  chalk  lost  beneath  the  tertiary 
sands  and  clays  which  cover  it  everywhere  in  the  neighbour- 
hood of  London  and  in  Hampshire,  and  see  it  reappear  on  the 
other  side  of  the  basin,  we  know  perfectly  well,  independently 
of  the  evidence  of  borings  and  wells,  that  the  chalk  is  continu- 
ous beneath  the  overlying  strata — these  simply  reposing  in  a 
basin  or  depression  of  the  chalk,  which  lias  not  been  raised  so 
high  as  that  which  appears  at  the  surface.  Considering  the 
great  extent  of  the  chalk  formation,  and  t he  numerous  towns 
placed  within  its  limits,  comprising  the  metropolis  of  Great 
Britain  itself,  besides  many  other  populous  places  of  minor 
consequence,  it  is  evident  that  the  hydrographical  conditio;'-' 
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of  mch  a  formation  must  be  of  great  importance.  We  snail 
therefore  discuss  at  some  length  the  phenomena  of  springs 
and  wells  in  the  chalk,  as  these  have  an  important  bearing 
both  on  questions  of  present  and  future  water  supply. 

Mr.  Prestwich,  in  his  valuable  work  on  the  Water-bearing 
Strata  of  London,  states  the  area  of  the  chalk  district  imme- 
diately surrounding  the  tertiary  basin  of  London  at  379-i 
square  miles,  but  this  is  by  no  means  the  extent  of  the  chalk 
formation  in  England.  If  we  take  the  whole  area  of  the  chalk 
country  which  extends  almost  without  interruption  from  Flam- 
borough  Head  in  Yorkshire  to  near  Bridport  in  Dorsetshire, 
and  with  few  slight  exceptions,  and  except  where  covered  by 
tertiary  or  newer  '  strata,  occupies  the  whole  area  between 
rhis  line  and  the  coast,  we  shall  find  the  great  chalk  basin  of 
England  occupy  an  area  of  not  much  less  than  15,000  square 
miles,  or  nearly  one-third  the  whole  surface  of  England.  A 
considerable  part  of  this  area  is,  no  doubt,  covered  bv  tertiary 
and  other  deposits ;  but  as  the  chalk  extends  beneath  these, 
and  even  influences  materially  the  hydrographical  phenomena 
which  accompany  them,  it  is  usual  to  include  the  whole  space 
so  covered  as  part  of  the  chalk  basin.  It  is  true  also  that 
throughout  a  considerable  part  of  Kent  and  Sussex  there  is  a 
protrusion  of  older  rocks  coming  up  to  the  surface,  from  which 
the  chalk  has  been  denuded,  so  as  to  leave  an  abrupt  truncated 
escarpment  along  the  whole  line  of  the  north  downs,  and  a 
corresponding  one  along  the  line  of  the  south  downs.  Even 
deducting  this  interposed  area  of  older  rocks,  however,  which 
is  termed  the  Weald  of  Kent  and  Sussex,  we  shall  still  have 
for  the  great  chalk  formation  an  area  of  nearly  one-fourth  the 
whole  of  England.  According  to  a  rough  calculation  the 
figures  would  be  as  follows  : 

Sq.  Miles. 

Whole  area  of  the  chalk  basin,  including  the  Weald  of  Kent 

and  Sussex  14,707 

Less  area  of  the  Weald        .       .       .....  2,131 
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The  whole  area  of  England,  according  to  the  last  census,  ia 
50,782  square  miles,  and  that  of  England  and  Wales  oo.Szu. 

CHALK  BASIN  OF  LONDON. 

The  hydrographical  conditions  connected  with  the  great 
chalk  basin  of  London  formed  a  frequent  subject  of  discussion 
at  the  Institution  of  Civil  Engineers  in  1842.    The  Rev.  W. 
Clutterbuck,  a  geologist  of  some  eminence,  residing  at  Wat- 
ford, took  up  the  case  of  the  millowners  in  opposition  to  Mr. 
Stephenson's  project  of  conveying  spring  water  from  Watford 
to  London.    In  one  of  his  papers  Mr.  Clutterbuck  describes 
the  line  of  country  through  which  the  river  Colne  flows.  Part 
of  this  district,  he  observes,  is  covered  with  gravel  tnrough 
which  the  rain  water  percolates  and  finds  its  way  inco  the 
chalk  where  it  accumulates  until  it  rises  and  finds  vent  by 
the  small  streams  of  theVer,  the  Gade,  the  Bulbourn,  and  the 
Chess,  which  are  tributaries  of  the  river  Colne.    Anotner  por- 
tion of  the  Colne  Basin  is  covered  by  the  London  and  plastic 
clays,  on  the  surface  of  which  the  rain  flows  in  open  channels 
into  the  Colne,  rendering  it  subject  to  sudden  floods.  "In 
the  upper  or  chalk  portion  of  the  district,"  says  Mr.  Clutter- 
buck, "  a  periodical  exhaustion  and  replenishment  of  the  sub- 
terranean reservoir  are  continually  going  on."    This  he  has 
.raced  through  a  series  of  wells,  and  found  to  be  exactly  m 
proportion  to  the  distance  from  the  river  or  vent.    Mr.  Clut- 
terbuck first  drew  attention  to  the  effect  of  pumping  from  the 
deep  London  wells  sunk  into  the  chalk.    Me  stated  that  the 
effect  of  pumping  during  the  week  was  to  reduce  the  level  o 
the  water  to  the  extent  of  5  inches,  and  that  the  original  leve 
was  resumed  on  Monday  morning,  owing  to  the  cessation  of 
pumping  during  Sunday.    The  alternations  of  level  are  some- 
what varied  by  heavy  falls  of  rain,  or  by  extraordinary  cessa- 
tions of  pumping;  but  Mr.  Clutterbuck  assumes,  as  a  general 
rule,  that  the  relative  heights  of  water  in  the  wells  at  some 
distance  from  London  pointed  out  and  corresponded  with  the 
metropolitan  holidays. 
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Mr.  Clultcrbuck,  in  another  paper,  referred  to  a  statement 
m  Conybeare  and  Phillips'  Geology,  (Book  I.,  Chap.  IV., 
page  35.)  in  which  there  appeared  an  anomaly  in  the  height  to 
which  the  water  rises  in  certain  wells  on  the  north  side  of 
London.  Thus,  at  Mile  End,  the  water  stood  at  the  level  of 
high  water  mark  in  the  Thames  ;  at  Tottenham,  60  feet ;  at 
Epping,  314  feet;  and  at  Hunter's  Hall,  190  feet  above  that 
level.  Rejecting  the  Epping  well,  for  the  reason  which  will 
be  given  presently,  Mr.  Clutterbuck  stated,  that  if  a  straight 
line  be  drawn  on  a  vertical  section  from  the  level  of  the  water 
at  Hunter's  Hall  to  mean  tide  level  in  the  river  Thames,  it 
will  cut  the  water  level  in  the  other  wells,  and  give  nearly  the 
average  inclination  of  10  feet  per  mile,  or  something  less  than 
that  which  he  had  ascribed  in  his  former  paper  to  the  water 
level  in  the  wells  between  Watford  and  London.  The  author 
rejects  the  Epping  well,  because  he  ascertained  on  the  spot 
that  the  water  was  derived  from  land  springs,  and  not  from 
the  sands  of  the  plastic  clay  as  in  the  other  wells. 

In  order  to  prove  the  depression  caused  by  the  London 
pumping,  the  author  draws  a  straight  line  to  mean  tide  level 
in  the  Thames  from  a  point  3  miles  south  of  the  Colne  and 
170  feet  above  high  water  mark,  which  is  the  level  of  the 
Colne  at  Watford. 

This  line,  which  would  be  fourteen  miles  in  length,  and 
would  have  a  total  fall  of  180  feet,  or  about  13  feet  per  mile, 
cuts  the  water  level  at  the  point  where  it  is  drawn  at  Hendon 
Union  Workhouse,  and  at  Cricklewood  between  Hendon  and 
Kilburn,  from  which  fact  Mr.  Clutterbuck  infers  that  up  to 
this  point  there  is  no  depression  of  level  caused  by  the  pump- 
ing from  the  London  wells.  At  Kilburn,  however,  the  water 
lcvel  is  considerably  depressed  below  the  straight  line  so 
drawn ;  and  in  fact  the  water  is  known  to  have  stood  here 
some  years  ago  20  feet  higher  than  at  present,  so  that  he 
attributes  this  depression  to  the  exhaustion  of  the  water  by 
pumping  under  London. 

Mr.  Dickinson,  an  extensive  millowner  residing  near  Wat- 
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ford,  has  kept  for  some  years  an  ordinary  rain  gauge,  and  also 
one  on  the  principle  suggested  by  Dr.  Dalton.  This  latter 
shows  the  quantity  of  rain  falling  on  the  surface,  which  sinks 
in  so  far  as  to  be  beyond  the  reach  of  evaporation,  and  which 
therefore  may  be  calculated  to  reach  the  interior  reservoir  of 
the  chalk  formation,  from  which  its  springs  and  rivers  are  fed. 

Mr.  Dickinson  has  published  the  results  recorded  by  these 
two  gauges  for  a  period  of  eight  years  (see  page  15),  namely, 
from  1835  to  1S43.    It  appears  from  his  observations  that  the 
average  rain  fall  in  these  years,  as  indicated  by  the  ordinary 
rain  gauge,  was  26-61  inches,  while  the  Dalton  gauge  gave 
only  an  average  of  11*29  inches  as  penetrating  beyond  the 
reach  of  evaporation.     It  further  appears  in  these  observa- 
tions, that  from  April  to  August  inclusive,  scarcely  any  of  the 
rain  descended  below  the  reach  of  evaporation,  whilst  the 
greatest  quantities  recorded  by  the  Dalton  gauge  were  usually 
in  the  months  of  October  and  November.    It  is  remarkable 
how  nearly  the  average  absorption  shown  by  the  Dalton  gauge 
agrees  with  that  assumed  by  Mr.  Robert  Stephenson  in  his 
report  to  the  Watford  Spring  Water  Company.    Mr.  Ste- 
phenson assumed  that  6£  million  cubic  feet  sank  into  the  earth 
out  of  a  total  rain  fall  of  141  millions.    This  quantity  on  a 
rain  fall  of  26-61,  the  average  by  Mr.  Dickinson's  gauge, 
would  give  11-50  inches  for  the  quantity  absorbed,  whereas 
we  have  seen  that  Mr.  Dickinson's  quantity  is  11  '29  inches. 
It  must  be  observed,  however,  that  according  to  Mr.  Dickinson 
the  minimum  quantity  absorbed  in  certain  years  falls  very  far 
short  of  this  amount.    For  instance,  in  the  year  beginning 
September  1840  and  ending  August  1841,  the  total  rain  fall 
was  25-58  inches,  and  the  proportion  recorded  by  the  Dalton 
gauge  was  only  4- 67  inches,  or  less  than  \  of  the  total  rain 
fall.    Several  of  the  other  years  give  the  proportion  of  rain 
absorbed  at  less  than  ■},  while  in  four  years  out  of  the  eight, 
the  proportion  was  rather  more  than  half. 

If  these  observations  of  Mr.  Dickinson  are  to  be  implicitly 
relied  cn,  it  would  not  be  safe  to  calculate  on  an  absorption  of 
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irore  than  4  inches  on  the  chalk  surface  in  certain  dry  years,  even 
when  the  total  rain  fall  is  quite  equal  to  an  average ;  and  the 
result  of  course  would  be  still  less  if  we  conceive  an  extremely 
warm  average  temperature  combined  with  a  small  rain  fall  of 
20  ins.,  which  is  by  no  means  uncommon  in  this  part  of  England. 

Mr.  Clutterbuck  preferred  the  indications  of  wells  to  that  of 
the  Dalton  gauge,  and  pointed  out  several  objections  and 
alleged  errors  in  the  results  recorded  by  the  latter. 

The  streams  which  flow  off  the  Chiltern  hills,  as  the  Ver, 
the  Gade,  the  Bulbourn,  and  the  Chess,  have  their  origin 
in  the  water  which  sinks  into  the  gravel  beds  overlying  the 
chalk,  and  which  being  upheld  by  retentive  beds  in  the  chalk, 
seeks  a  vent  and  flows  off  by  those  valleys.  Mr.  Clutterbuck 
describes  the  district  of  these  valleys  as  a  reservoir  dipping 
towards  the  south,  at  an  average  inclination  of  nearly  300  feet 
in  14  miles,  or  about  21  feet  per  mile. 

It  appears  to  be  the  general  opinion  of  Mr.  Clutterbuck,  the 
lateDean  of  Westminster,and  other  eminent  geologists  who  have 
studied  the  subject,  that  the  surface  of  the  subterranean  reser- 
voir in  the  chalk  corresponds  roughly  with  a  line  drawn  from 
the  river  Colne,  at  Watford,  to  mean  tide  level  in  the  Thames, 
below  London,  They  assume  that  in  wells  sunk  to  the  chalk 
in  the  neighbourhood  of  London,  the  water  will  rise  to  some- 
where about  the  level  of  this  line.  There  are  facts  however 
connected  with  the  variable  rainfall  at  different  seasons,  and 
the  irregular  pumping  from  the  London  wells,  which  materially 
affect  this  water  level.  Thus  a  considerable  replenishment  of 
the  reservoir  takes  place  between  December  and  March  inclu- 
sive, and  during  these  months  the  water  accumulates  in  pro- 
portion to  the  distance  from  the  vent  below  London. 

During  these  months  the  general  level  of  the  water  line  rises 
above  its  usual  height,  and  the  streams  make  their  appearance 
at  higher  points  in  the  valleys.  In  the  season  of  exhaustion 
again,  which  usually  takes  place  between  April  and  November, 
the  water  level  is  depressed,  and  the  streams  break  out  at  lower 
points.  This  variation  of  level  at  different  seasons  sometimes 
amounts  in  the  higher  districts  to  50  feet  of  vertical  height. 
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The  pumping  from  the  London  wells  produces  not  only  a 
gradual  and  permanent  general  depression  of  the  water  line, 
but  even  causes  periodic  changes  corresponding  almost  with 
the  daily  extent  of  pumping.  Mr.  Clutterbuck  asserts  that 
the  level  is  gradually  reduced  by  the  pumping  during  the  week 
from  Monday  morning  till  Saturday  night ;  that  the  cessation 
of  pumping  on  Sunday  is  marked  by  the  increased  height  on 
Monday  morning,  and  that  holiday  times,  such  as  Christmas, 
Easter,  and  Whitsuntide,  may  be  distinguished.  "  Thus," 
says  Mr.  Clutterbuck,  "  the  measurement  of  a  chalk  well  in 
London  would  show  the  days  of  the  week  and  the  great  festi- 
vals by  the  daily  variations  ;  the  seasons  would  be  indicated  by 
the  average  difference  in  the  height  of  the  level  at  different 
periods  of  the  year ;  and  the  changes  of  the  weather,  by  the 
falling  of  the  rain,  would  also  be  shown." 

Dr.  Buckland  says  Mr.  Dickinson's  rain  gauge  showed  that 
during  two-thirds  of  the  year  the  rain  which  fell  rarely  sank 
3  feet  into  the  earth ;  but  in  November,  December,  January, 
and  February,  it  passed  down  into  the  chalk  in  proportions 
which  accorded  so  constantly  with  the  greater  or  less  amount 
of  rain  falling  in  these  four  wet  months,  that  Mr.  Dickinson 
had  been  accustomed  to  regulate  the  amount  of  orders  under- 
taken to  be  executed  in  his  paper  mills  during  the  following 
spring  and  summer,  by  the  indications  on  this  rain  gauge  of 
the  quantity  of  water  that  descended  more  than  3  feet  in  the 
preceding  winter. 

Mr.  Dickinson  said  the  quantity  of  rain  which  penetrated 
the  chalk  in  the  four  months  from  November  to  February, 
varied  from  6  to  17  inches,  the  former  quantity  being  sufficient 
to  cause  the  flow  of  the  principal  springs. 

ON  THE  WATER  LEVEL  OR   LINE  OF  SATURATION   IN  THE 

CHALK. 

The  inclination  of  this  line  in  different  parts  of  the  chalk 
basin  appears  to  vary  with  the  dip  of  the  stratification,  and 
sometimes  presents  anomalies  which  are  probably  caused  by 
some  phenomena  of  a  merely  local  nature.    Mr.  Clutterbuck 
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has  shown  that  the  water  line  in  the  district  between  Watford 
and  London  has  an  inclination  of  about  13  or  14  feet  per  mile, 
and  that  the  inclination  in  the  district  north  of  London  is  only 
about  10  feet  per  mile.  Mr.  Prestwich  quotes  some  observa- 
tions made  by  Mr.  W.  Bland  on  the  height  at  which  water 
stands  in  two  lines  of  wells  about  6  miles  apart,  traversing  the 
chalk  district  between  Sittingbourne  and  Maidstone.  Reduc- 
ing these  observations,  Mr.  Prestwich  finds  that  on  one  line 
the  inclination  of  the  water  line  is  47  feet  per  mile,  and  on 
the  other  45  feet  per  mile,  or  nearly  the  same.  All  these  in- 
clinations, both  those  of  Mr.  Clutterbuck  and  Mr.  Bland, 
appear  to  correspond  roughly  with  the  dip  of  the  chalk  strata 
in  the  respective  districts.  In  some  other  observations  by  Mr. 
Bland,  where  a  difference  occurs  in  the  water  level  of  93  feet 
and  102  feet  in  distances  of  less  than  a  mile,  Mr.  Prestwich 
says  that  these  probably  arise  from  some  local  cause. 

DEPRESSION  OF  WATER  LEVEL  IN   LONDON  WELLS. 

Mr.  Clutterbuck  stated,  in  1843,  that  the  depression  in  the 
centre  of  London  amounted  to  50  feet ;  at  the  Hampstead  Road 
30  feet ;  and  at  the  Zoological  Gardens,  25  feet.  Mr.  David- 
son, from  observations  made  in  1822,  said  the  water  in  ter> 
of  the  principal  wells  in  London  then  stood  at  the  level  of 
Trinity  high  water  mark.  In  1843,  the  water  did  not  rise 
to  within  50  feet  of  that  level,  thus  showing  a  depression  of 
more  than  2  feet  per  annum. 

CHALK  WELLS. 

The  circumstances  under  which  water  is  met  with  in  sinking- 
near  Watford  are  thus  described  by  Mr.  Stephenson,  in  hi 
report  on  the  water  supply.  The  valley  of  the  Colne  is  covere 
by  a  bed  of  alluvial  gravel  ( ?  diluvial)  about  20  feet  in  thick 
ness,  and  on  sinking  through  this  about  5  feet  into  the  chalk 
abundant  springs  of  water  are  met  with,  which  increase  in 
magnitude  and  force  as  we  descend. 

Mr.  Stephenson  then  describes  two  experiments  which  he 
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cau?ed  to  be  made  at  a  well  purposely  sunk  in  Bushey  meadows. 
The  first  set  of  experiments  was  intended  to  show  whether  the 
springs  which  are  met  with  immediately  on  sinking  into  the 
chalk  derived  their  supply  from  the  river,  and  the  result  of  ac- 
curate gauging  of  the  river  showed  that  no  effect  whatever  was 
produced  when  the  water  was  repeatedly  pumped  out  of  a  well 
34  feet  in  depth.  He  inferred  from  this  that  all  direct  com- 
munication between  the  river  and  the  springs  was  cut  off  by 
the  clay  bed  in  which  the  former  flowed. 

In  the  Tring  cutting  on  the  London  and  North- Western 
Railwav,  springs  were  met  with  which  yielded  a  million  gallons 
per  day,  and  although  this  part  of  the  country  is  many  feet 
higher  than  Watford,  the  chalk  was  found  to  be  so  saturated 
with  water  that  it  was  extremely  difficult,  and  even  impossible 
by  ordinary  means  to  sink  wells  a  depth  of  60  feet. 

Mr.  Prestwich  is  of  opinion  that  water  does  not  circulate 
through  the  chalk  by  general  permeation  of  the  mass,  but  chiefly 
through  fissures.  He  observes,  that  if  a  shaft  be  sunk  into 
chalk  to  a  depth  of  say  30  feet  below  the  level  at  which  the 
water  stands,  and  the  water  be  pumped  out,  it  will  be  replaced 
by  the  abstraction  of  water  from  the  communicating  fissures, 
and  the  distance  to  which  these  will  be  affected  depends  on 
several  circumstances,  but  chiefly  on  the  head  of  water  on  or 
above  the  level  of  the  point  of  draught.  In  the  higher  chalk 
districts  the  fissures  are  soon  exhausted  by  pumping,  and  Air. 
Bland  mentions  an  instance  in  the  high  chalk  district  between 
Maidstone  and  Sittingboume  where  the  pumping  at  one  well 
drained  another  nearly  a  mile  distant.  At  lower  levels  in  the 
chalk  district,  however,  and  especially  along  the  boundary  of 
the  tertiary  area,  as  at  Watford,  the  head  of  water  is  usually 
much  higher  than  the  surface  of  the  ground,  and  wells  sunk 
here  can  draw  their  supply  from  the  whole  mass  of  upland 
chalk  lying  beyond,  and  at  a  higher  level.  Hence  the  effect 
of  pumping  in  this  situation  is  much  less  sensibly  felt  than  in 
the  higher  chalk  districts.  Mr.  Paten,  who  was  produced  as 
u  witness  in  favour  of  the  Watford  supply,  before  the  Com< 
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mittee  which  sat  in  1 840,  made  some  special  experiments  to 
determine  the  effect  of  pumping  from  contiguous  wells  in  that 
neighbourhood. 

His  first  set  of  experiments  consisted  of  sinking  twenty 
borings  in  a  part  of  the  valley  at  Watford,  comprising  two  miles 
in  length  and  three-quarters  of  a  mile  in  breadth.  These 
borings  were  each  sunk  to  the  depth  of  134  feet,  and  the  wit- 
ness declared  that  he  obtained  an  equal  quantity  of  water  from 
each  boring.  He  then  sunk  a  12  inch  boring  in  Bushey  mea- 
dows to  the  same  depth  of  1 34  feet,  and  this  boring  yielded 
480,000  gallons  in  24  hours.  His  next  experiment  was  made 
by  sinking  a  shaft  20  feet  in  diameter  and  34  feet  deep.  This 
shaft  reached  the  chalk  at  21  feet  deep,  and  was  sunk  13  feet 
into  the  chalk,  the  last  S  feet  being  solid  chalk.  At  this  depth 
of  34  feet  the  shaft  yielded  two  million  gallons  of  water  per 
day  of  24  hours.  He  then  made  four  borings,  each  of  5  inches 
diameter,  in  the  bottom  of  this  shaft.  The  borings  being  100 
feet  deep,  the  whole  depth  from  the  surface  was  134  feet,  and 
the  whole  yield  of  water  was  then  three  million  gallons  per  day. 

He  further  states  that  there  are  many  wells  in  the  neigh- 
bourhood of  Watford  yielding  400,000  gallons  per  day,  and 
quoted  four  borings,  which  together  yielded  1|  million  gallons. 
He  seemed  to  be  of  opinion  that  in  the  neighbourhood  of 
Watford  the  subterranean  sheet  of  water  is  so  abundant  as  to 
be  inexhaustible,  and  that  borings  do  not  affect  each  other 
even  when  made  at  very  short  distances  apart. 

The  great  mass  of  evidence  which  has  been  brought  for- 
ward of  late  years  goes  to  show  that  a  large  supply  may 
undoubtedly  be  obtained  at  those  levels  in  the  chalk  district 
where  springs  now  break  out  in  abundance,  and  where  sink- 
ings are  made  below  the  line  of  saturation.  At  the  same 
time  there  arc  many  instances  of  very  deep  wells  being  sunk 
into  the  chalk  through  the  tertiary  strata,  and  proving 
either  entire  failures,  or  yielding  a  very  small  quantity  of 
water.  Mr.  Prestwich  mentions  a  well  at  Saffron  Waldcn, 
which  passed  through  1000  feet  of  chalk  before  meeting  with 
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a  sufficient  supply  of  water,  and  it  was  not  till  the  whole 
thickness  of  the  chalk  was  traversed  that  water  was  obtained. 
Most  of  the  large  wells  at  the  breweries  in  London  are  sunk 
from  200  to  300  feet  into  the  chalk,  and  at  this  depth  few  of 
thern  yield  more  than  a  hundred  thousand  gallons  a  day.  The 
well  in  the  Hampstead  Road,  sunk  by  the  New  River  Company, 
the  well  at  Southampton,  the  famous  artesian  boring  at  Gre- 
nelle,  and  more  recently  the  one  sunk  by  M.  Mulot  at  Calais, 
have  all  failed  in  procuring  any  large  supply  of  water  from  the 
chalk.  At  the  same  time  it  has  been  stated,  that  the  aggre- 
gate yield  of  all  the  wells  sunk  into  the  chalk  in  the  neigh- 
bourhood of  London  is  not  less  than  10  million  gallons  a  day. 
Some  doubts  have  been  expressed  whether  the  water  of  the 
chalk  be  distinct  from  that  of  the  overlying  sands  of  the  plastic 
clay. 

Mr.  Clutterbuck  appears  to  think  there  is  no  real  distinction 
between  them,  and  that  the  water  is  all  derived  from  the  chalk, 
from  which  it  rises  up  into  the  sands. 

Mr.  Simpson,  on  the  other  hand,  considers  the  waters  of  the 
two  formations  are  distinct,  as  they  rise  to  different  levels. 
He  observes,  that  previous  to  1S30,  there  were  many  ever- 
flowing  artesian  wells  on  the  west  side  of  London,  and  he 
believes,  that  in  the  majority  of  these  the  water  came  from  the 
chalk.  (See  his  paper  presented  to  the  Institution,  giving  an 
account  of  67  wells.) 

Fig.  10,  which  is  a  section  from  Tring  in  Hertfordshire,  to 
Seven  Oaks  in  Kent,  will  serve  to  illustrate  the  principal  hydro- 
graphical  conditions  of  the  London  chalk  basin.  In  this  sec- 
tion a  is  the  gault  clay,  an  impervious  stratum,  which  under- 
lies the  firestone,  chalk  marl,  and  chalk.  The  firestone  and 
chalk  marl  are  not  shown  in  the  section,  because  it  is  believed 
in  this  chalk  basin  the  water  penetrates  through  both  of  these, 
and  is  really  not  stopped  till  it  reaches  the  gault.  In  the  south 
downs,  however,  it  is  otherwise,  for  there  Lydden  Spout, 
and  other  copious  springs  are  thrown  out  by  the  chalk  marl,  b 
is  the  great  mass  of  chaik  800  or  1000  feet  in  thickness.  The 
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ertiary  or  Thanet  sands,  resting  on  the  chalk,  are  marked  o, 


-  TrinR. 


Watford. 


Ilarrow. 


—  BiverBrcnt 


London. 


Norwood, 


Lewisharn. 


Knockholt. 


Seven  Oaks. 


and  the  impervious  mass  of  London  clay  is  marked  d.  Tho 
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level  of  high  water  mark  in  the  Thames  is  represented  by  the 
horizontal  line  a  b,  and  the  presumed  line  of  saturation 
or  height  to  which  the  water  from  the  chalk  will  rise  at 
any  point  between  London  and  Tring,  is  represented  by  the 
inclined  line  c  d,  drawn  from  the  top  of  the  gault  below  Tring 
to  tide  level  in  the  Thames  at  Lewisham,  where  the  chalk  is 
exposed  in  the  basin  of  the  Thames.    It  will  be  observed  that 
in  this  section  I  have  not  shown  the  beds  in  one  continuous 
uninterrupted  basin-shaped  arrangement,  but  intersected  by  two 
faults,  marked  No.  1  and  No.  2.     The  fault  No.  1,  which 
brings  down  the  London  clay  d  to  the  level  of,  and  in  contact 
with,  the  chalk,  is  clearly  exhibited  on  the  North  Kent  and 
London  and  Brighton  Railways,  both  of  which  it  intersects  at 
New  Cross,  in  a  north-east  and  south-westerly  direction.  It 
has  been  well  described  by  the  late  Mr.  De  la  Condamine, 
in  a  paper  read  before  the  Geological  Society  of  London,  in 
June,  1850.*    With  respect  to  the  fault  No.  2,  although  not 
exposed  at  the  surface,  we  have  good  evidence  of  its  exist- 
ence from  well  sections.    Thus,  the  depth  to  the  chalk  below 
Trinity  high  water  mark  at  Gray's  Inn  Lane,  the  Hampstead 
Road,  Tottenham  Court  Road,  and  the  Regent's  Park,  varies 
from  80  to  100  feet ;  while  at  Trafalgar  Square,  Wandsworth, 
and  Chelsea,  the  depth  varies  from  250  to  more  than  300  feet, 
which  shows  either  a  fault  or  a  very  great  curvature  of  the 
strata.    Mr.  Prestwich  believes  that  this  fault  or  axis  of  eleva- 
tion, whichever  it  be,  passes  along  the  valley  of  the  Thames,  in 
an  east  and  west  direction.    It  is  clear  that  this  fault  as  well 
as  the  one  at  Lewisham,  No.  2,  would  be  intersected  by 
the  line  of  our  section.    The  main  drainage  of  the  chalk  for- 
mation is  not  so  much  interfered  with  by  these  faults  as  might 
be  supposed  at  first  sight.    The  line  c  d  shows  the  height  to 
which  tho  chalk  is  probably  saturated  with  water,  accord- 
ing to  tho  views  first  promulgated  by  Mr.  Clutterbuck,  and 
afterwards  corroborated  by  the  Dean  of  Westminster  and  other 
*  PubliBhed  in  Vol.  vi.  of  the  Quarterly  Journal  of  the  Geological 
Society,  page  4-10. 


OF  LONDON, 


37 


eminent  geologists.    The  drainage  of  the  chalk  will  still  take 
place  at  d,  notwithstanding  the  faults,  because  the  communica- 
tion between  the  separate  masses  of  chalk  is  still  uninterrupted, 
the  fault  being  probably  not  filled  up  with  impermeable  clay 
and  made  into  a  puddle  dyke,  as  happens  in  some  districts. 
According  to  the  views  of  Mr.  Clutterbuck,  the  water  will  rise 
in  wells  between  Tring  and  London,  to  the  level  of  c  d,  and  he 
has  found  by  measurements  of  numerous  wells  intermediate 
between  the  two  places,  that  the  water  stands  at,  or  nearly  at 
this  height.    It  will  be  observed  that  the  ground  at  Watford 
lies  below  the  line  of  saturation  c  d,  and  this  accounts  for  the 
numerous  springs  which  break  out  in  the  meadows  there,  and 
for  the  fact,  that  every  excavation,  made  only  a  few  feet  in 
depth,  is  immediately  filled  with  water.     Again,  it  will  be 
observed,  that  a  part  of  the  London  clay  district,  close  to  the 
metropolis,  lies  below  the  line  of  saturation.    This  is  precisely 
the  condition  under  which  artesian  wells  may  be  expected  to 
yield  a  stream  of  water  that  will  overflow  the  surface.  On 
boring  down  through  the  London  clay,  d,  to  the  chalk  on  either 
side  of  the  fault  No.  2,  we  come  to  water  which  is  acted  on  by 
the  pressure  from  Tring  or  Knockholt  as  the  case  may  be,  and 
which,  as  soon  as  the  boring  is  effected,  rushes  up  through  it 
and  rises  above  the  surface  namely  to  the  line  c  d.    This  is 
the  explanation  of  many  overflowing  artesian  wells  in  the 
neighbourhood  of  Fulham,  Brentford,  and  other  places  in  the 
valley  of  the  Thames. 

The  section,  fig.  10,  differs  somewhat  from  that  given  by  the 
Dean  of  Westminster,  in  his  celebrated  Bridgewater  Treatise, 
where  the  line  of  saturation  is  drawn  horizontally  at  the  level 
of  the  low  ground  at  Watford  :  and  in  the  text  of  that  work  it 
is  said  that  the  water  of  artesian  wells  will  rise  to  this  level. 
I  prefer,  however,  the  view  taken  by  Mr.  Clutterbuck,  and 
which  I  have  here  ventured  to  follow,  and  I  do  this  without 
implying  the  smallest  disrespect  for  the  opinion  of  so  eminent 
a  geologist  as  the  Dean  of  Westminster,  because  I  under- 
stand that  in  the  discussions  which  took  place  in  1842 — 3, 
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on  the  views  and  opinions  of  Mr.  Clutterbuck,  the  Dean  ex- 
pressed his  agreement  with  him  on  this  point.*  The  faults 
which  I  have  ventured  to  add  in  the  section  have  only  been 
brought  to  light  within  the  last  few  years. 

FAULTS  AND  DISTURBANCES  OF  THE  CHALK  DISTRICT,  INFLU- 
ENCING THE  PHENOMENA  OF  SPRINGS  AND  THE  HEIGHT  OF 
WATER  IN  WELLS. 

The  chalk  basin  of  London  appears  to  be  intersected  by 
two  principal  lines  of  disturbance,  one  of  which  has  nearly  an 
east  and  west  direction,  and  follows  the  course  of  the  Thames 
from  the  Nore  to  Deptford.j-  The  other  is  supposed  to  be 
nearly  at  right  angles  to  this  passing  across  the  Thames  near 
Deptford,  and  ranging  nearly  north  and  south  up  the  valley  of 
the  Lea,  towards  Hoddesdon.  The  North  Kent  and  London 
and  Brighton  Railways  cross  these  lines  of  disturbance  near 
their  intersection  at  Lewisham,  and  exhibit  a  curious  series  of 
small  faults  in  a  direction  from  north-east  to  south-west,  or 
nearly  in  a  diagonal  direction  with  the  main  lines  of  disturbance. 

The  general  effect  of  these  faults  is  to  bring  down  the  ter- 
tiary sands,  and  sometimes  even  the  London  clay,  to  the  same 
level  as  the  chalk.  This  will  be  understood  from  fig.  1 1,  which 
represents  a  section  taken  across  the  fault  from  west  to  east,  in 
the  neighbourhood  of  Lewisham  or  New  Cross.  A  similar 
section,  from  north  to  south,  across  Blackheath,  shows  the 
chalk  below  Blackheath  and  Greenwich  Observatory,  in  con- 
tact with  the  London  clay  under  Greenwich  marshes.  |. 

Fig.  1 1  explains  the  influence  of  this  fault,  on  the  height  at 
which  the  water  will  stand  in  wells  sunk  down  through  the 

*  I  find  the  Dean  saying,  in  the  discussion  at  the  Institution  of  Civil 
Engineers,  May  31st,  1842,  "Mr.  Cluttcrhuck's  repeated  ohscrvations  upon 
wells  along  the  line  in  question  must  be  considered  to  have  proved  the 
existence  of  this  inclined  line." 

f  Prestwich,  p.  40. 

X  Sec  a  very  interesting  paper  by  the  Rev.  II.  M.  Dc  la  Condamine, 
M.A.,  on  the  tertiary  strata  and  their  dislocations  in  the  neighbourhood  of 

LiucKhuuth.  Vol.  vi.  Quarterly  Journal  of  the  Geological  Society,  p.  440. 
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London  clay,  a  b  is  a  line  representing  the  fault,  on  the  west 
side  of  which  the  impervious  mass  of  the  London  clay  is  thrown 
down  in  contact  with  the  porous  heds  of  tertiary  sand  and 
chalk,  so  that  the  water  in  these  sands  will  stand  at  the 
level  f  on  the  east  side  of  the  fault,  and  not  higher  than  d  on 


Fig.  11. 


a  London  clay.         b  Tertiary  sands.         c  Chalk. 

the  west  side  :  the  difference  between  the  depths  of  e  p  and 
c  d  will  show  the  different  level  to  which  the  well  will  require 
to  be  sunk  in  the  two  cases. 

The  wells  in  Essex,  even  on  the  east  side  of  the  fault,  are 
commonly  of  great  depth,  but  this  is  principally  owing  to  the 
general  elevation  of  the  country,  which  renders  it  necessary  to 
penetrate  through  a  great  thickness  of  the  London  clay,  some- 
times nearly  400  feet,  before  the  same  sands  can  be  reached 
which,  at  Tottenham  and  Mile  End,  are  found  from  50  to  100 
feet  below  the  surface,  and  which  at  Lewisham,  Charlton,  and 
Woolwich,  are  actually  at  the  surface. 

At  Bow,  Stratford,  and  West  Ham,  the  water  stands  in  wells 
at  about  the  height  of  high  water  mark  in  the  river  Thames, 
while  in  many  parts  of  Essex  it  stands  as  much  as  330  feet 
above  that  level.  It  is  not  probable  that  the  whole  of  this 
great  difference  in  elevation  is  caused  by  the  fault,  although 
some  portion  of  it  may  be  so  accounted  for.  The  tertiary 
sands  are  not  uniform  in  composition  over  extensive  areas,  and 
it  is  possible  that  the  flow  of  water  through  them  may  be  im- 
peded by  interposed  lenticular  masses  of  clay,  and  thus  many 
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of  the  anomalies  in  connection  with  the  Essex  wells  may.  in 
some  degree,  be  explained. 

In  addition  to  the  fault  which  has  been  already  alluded  to  as 
traversing  the  London  district  in  a  north  and  south  direction, 
there  is  another  line  of  elevation  passing  east  and  west  up  the 
valley  of  the  Thames,  which  appears  either  to  have  d.srupted 
and  broken  through  the  strata  beneath  the  London  clay,  or  to 
have  bent  them  into  a  saddle-shaped  form,  and  brought  them  up 
within  a  comparatively  small  depth  from  the  surface.  Th.s  hne  of 
disturbance,  however,  does  not  appear  to  have  influenced  the 
hvdrographical  conditions  of  the  chalk  district  nearly  so  much 
as  the  position  occupied  by  the  chalk  in  connection  with  the 
impervious  strata  on  which  it  rests.    If  we  trace  the  whole 
line  of  the  chalk  formation,  both  in  the  north  and  south  downs, 
in  Wiltshire,  Hants,  and  again,  in  Hertfordshire  and  Cam- 
bridgeshire, on  the  north  side  of  London,  we  shall  find  a  re- 
markable difference  in  its  hydrographical  aspect.    For  instance, 
along  the  whole  range  of  the  north  and  south  downs,  if  we 
except  the  insignificant  streams  of  the  Ravensbourne  and  the 
Wandle,  the  uniformly  arid  nature  of  the  surface  is  not  varied 
by  a  single  streamlet,  nor  is  a  spring  to  be  found  any  where 
on  the  surface  of  the  chalk,  except  where  the  lowest  marly 
beds  give  rise  to  springs  at  a  level  far  below  the  general  sur- 
face of  the  downs.    But  in  the  great  development  of  chalk  in 
Wiltshire  and  Hants,  and,  in  fact,  more  or  less  throughout  the 
whole  of  the  chalk  country  on  the  west  and  north  sides  of  the 
London  basin,  streams  of  all  sizes  rise  from  the  chalk  and  flow 

over  its  surface.  . 

This  remarkable  difference  is  due,  no  doubt,  to  the  relative 
elevation  of  the  chalk  and  of  the  gault  formation  which  passes 
entirely  beneath  it,  and  is  only  separated  from  the  lower 
chalk  by  a  comparatively  small  thickness  of  firestone  or  upper 
ereen  -and.  Whatever  may  be  the  retentive  capacity  of 
the  lower  marly  beds  in  different  varieties  of  chalk,  and  at 
different  parts  of  the  range,  it  may  be  laid  down  as  a  general 
rule  that  water,  in  any  considerable  quantity,  is  never  met  with 
much  above  the  level  of  the  gault,  which  serves,  in  fact,  as  a 
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barrier  or  dam  to  keep  up  to  its  own  level  the  water  that 
has  penetrated  the  chalk.  Hence,  if  the  arrangement  of 
these  strata  in  any  district  be  such  that  a  large  surface  of 
chalk  is  greatly  elevated  above  the  gault,  then  we  shall  find  a 
dry  and  parched  surface  on  which  the  water  no  where  seeks  an 
open  channel,  until  it  arrives  at  the  level  of  the  gault.  Below 
this  level  the  porous  beds  of  the  chalk  and  the  upper  green 
sand  are  already  saturated  with  water,  and  therefore  the  new 
supplies  furnished  by  rain  and  snow,  after  having  filtered 
through  the  chalk  down  to  this  level,  will  either  overflow  or 
force  out  the  water  which  lies  beneath,  and  already  fills  up  the 
crevices  and  hollows  of  the  chalk.  Now,  in  the  elevated 
ranges  of  chalk,  the  position  in  which  this  effect  takes  place  is 
not  less  than  from  300  to  400  feet  below  the  general  level  of 
the  downs,  so  that  in  such  districts  the  area  of  chalk  country 
lying  below  the  level  of  the  gault  is  in  extent  quite  insignificant, 
consisting  of  a  few  hundred  yards  in  breadth  on  the  outcrop 
side  of  the  chalk  summit,  and  jf  a  few  narrow  valleys  which  run 
up  from  the  tertiary  surface  into  the  chalk  country.  Through- 
out the  greater  part  of  the  elevated  ranges  of  chalk,  these  are 
the  only  portions  which  are  irrigated  by  natural  streams.  The 
great  mass  of  the  chalk,  composing  both  the  north  and  south 
downs,  in  Surrey,  Kent,  and  Sussex,  is  therefore  quite  dry,  and 
it  is  found  that  borings  in  the  higher  part  of  the  range  have 
to  pass  through  many  hundred  feet  before  a  drop  of  water  can 
be  obtained. 

But  in  the  less  elevated  districts  of  chalk,  as  in  the  counties 
of  Bucks,  Herts,  and  Cambridge,  the  level  of  the  gault  is  not 
remarkably  below  the  general  level  of  the  chalk,  which  in  this 
part  of  England  is  nowhere  distinguished  by  the  bold  moun- 
tainous features  which  prevail  in  the  south-eastern  counties.  The 
chalk  of  Hertfordshire,  in  particular,  is  traversed  by  numerous 
valleys  which  are  watered  by  copious  and  constantly  flowing 
streams;  apeculiarity  which  no  lessthanitsmainphysical  features 
distinguishes  it  in  the  eyes  of  the  agriculturist  from  the  dry  and 
barren  downs  of  the  south.  The  valleys  in  which  these  streams 
now  are  usually  not  much  below  the  level  at  which  the  gault 
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crops  out,  but  are  probably  points  at  which  a  line  joining  the 
outcrop  of  the  gault  and  the  permanent  line  of  chalk  drainage 
cuts  the  surface  of  the  ground,  as  explained  in  the  description 
of  fig.  10;  on  the  north  and  west  sides  of  London  it  appeals 
to  be  the  gault  which  keeps  up  the  water,  but  in  the  south 
do  wns  the  same  office  is  performed  bv  the  chalk  marl. 

It  is  remarkable  that  the  streams  which  rise  in  the  chalk 
of  Herts  and  Bucks,  as  the  rivers  Verulam,  C'olne,  Gade,  &c, 
together  with  those  of  the  Chesham,  Amersham,  and  High 
Wycombe  valleys,  all  flow  in  the  same  direction  as  the  dip 
of  the  chalk,  whereas  the  small  streams  which  rise  in  the 
Surrey  and  Sussex  downs  flow  off  the  chalk  and  in  a  direc- 
tion contrary  to  its  dip. 

It  will  appear  obvious  that  borings,  which  penetrate  the 
chalk  of  Hertfordshire  to  a  very  small  depth,  namely,  to  the 
level  of  the  valleys  in  which  streams  already  exist,  will  meet 
with  water  in  abundance  ;  for  in  such  borings  the  water  will 
evidently  stand  at  the  same  level  as  that  of  the  streams  which 
now  rise  in  the  country.  In  the  neighbourhood  of  Watford 
and  Bushey  main  springs  of  a  very  copious  character  are  met 
with  on  sinking  a  few  feet  below  the  surface;  and  at  higher 
levels  the  water  is  found,  even  before  sinking  to  the  level  of 
the  main  springs  or  point  of  saturation,  because  the  water  is 
intercepted  in  the  course  of  flowing  towards  that  level  of 
saturation.  In  some  works  recently  executed  at  Watford  for 
supplying  the  town  with  water,  under  the  direction  of  .Mr. 
Pilbrow,  C.  E.,  a  well  of  D  feet  diameter  has  been  sunk  about 
80  feet  into  the  chalk,  and  a  considerable  pumping  power  was 
found  necessary  to  keep  clown  the  main  springs  during  the 
progress  of  the  works. 

Stephenson's  experimental  well  at  Watford  yielded  1,800,000 
gallons  per  day.  And  the  excavation  of  the  London  and 
North-Western  Railway  at  Cow  Roost,  which  cut  through  the 
gault  and  thus  gave  a  passage  to  the  water  from  the  chalk  in 
a  norlh  or  north-wcsl  direction,  had,  during  the  execution  of 
the  work,  a  considerable  stream  flowing  at  the  foot  of  the 
slope  on  each  side  of  the  cutting.    These  streams,  which  are 
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now  arclied  ever  and  conducted  in  culverts,  are  said  to  have 
yielded  1  million  gallons  per  day. 

'  Streams  and  rivers  in  a  chalk  district  are  commonly  more 
equal  and  uniform  in  volume  than  those  in  clay  districts,  and 
are  not  so  liable  to  be  swollen  by  floods  as  the  latter.  It  is 
in  consequence  of  this,  and  of  the  more  absorbent  quality  of 
the  chalk,  that  the  streams  are  comparatively  much  fewer 
m  chalk  districts.  Not  only  are  the  streams  much  less  in 
number,  but  the  bridges  and  culverts  made  to  carry  off  water 
in  the  chalk  districts,  present  a  most  insignificant  area  com- 
pared with  those  in  clay  districts  of  similar  extent.  This  fact, 
which  I  believe  was  first  noticed  by  the  Dean  of  Westminster, 
was  used  with  very  good  effect  by  Mr.  Homersham  in  pre- 
paring a  sort  of  popular  comparison  between  districts  of  clay 
on  the  one  hand,  and  chalk  on  the  other. 

According  to  Mr.  Ilomersham's  measurements,  it  was  found 
that  the  water-way  of  arches  in  clay  districts  varied  from  S  to 
1 7  superficial  feet  for  each  square  mile  of  drainage  area,  while  in 
chalk  districts  the  water-way  varied  from  Jrd  of  a  foot  to  2 

•superficial  feet  per  mile  of  drainage  area.  Mr.  Homersham  gives 
one  example,  namely,  a  part  of  the  river  Blackwater  having  a 
water-way  at  Coggeshall,  in  Essex,  equal  to  3  square  feet 
per  mile  of  drainage   area.     This,  however,  is  not  a  fair 

■sample  of  a  clay  drainage,  as  this  river  flows  over  a  consider- 
able extent  of  the  crag  formation,  where  it  very  thinly  covers 
the  chalk,  and  some  part  of  its  upper  course  is  even  through 
chalk.  Mr.  Homersham  has  similarly  quoted  against  himself 
the  water-way  of  several  rivers  whose  course  is  partly  in  chalk 
and  partly  in  clay.  On  a  careful  review  of  bis  table,  the  least 
water-way  which  I  can  find  in  a  pure  clay  drainage  is  about 
8  feet  per  mile,  ranging  up  to  13  and  even  17  feet;  while  the 
Rrater-way  in  chalk  districts  varies  from  ^rd  to  1|  square  feet, 
except  in  the  case  of  the  river  Beane,  the  drainage  area  of  which 
contains  a  large  proportion  of  impermeable  drift.  In  this 
case,  the  water-way  has  an  area  of  2  square  feet  per  mile  of 
drainage. 
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Tt  is  probable  that  the  most  copious  single  springs  of  the 
chalk  do  not  yield  more  than  from  3  to  500  cubic  feet  per 
minute,  as  will  be  seen  more  particularly  from  a  table  of  these 
springs  in  the  Appendix.  At  the  same  time,  it  is  certain  that 
streams  flowing  through  chalk  districts  receive  a  gradual 
accession  of  water,  which  can  only  be  due  to  invisible  springs 
breaking  out  in  the  beds  of  the  rivers,  and  therefore  not 
capable  of  being  seen  or  separately  measured.  The  facts  in 
the  following  statement  of  gaugings,  relating  to  the  river  Lea, 
are  on  the  authority  of  Mr.  Beardmore,  by  whom  they  were 
supplied  to  Captain  Vetch,  and  given  in  his  evidence  before 
the  Board  of  Health  in  1850,  and  before  Sir  James  Graham's 
Parliamentary  Committee  in  1851. 

Tables  showing  the  increase  of  the  river  Lea  from  in- 
visible springs  in  the  bed  of  the  river. 

Cube  feet  per  minute. 

Gauging  at  Field's  Mill  after  deducting  the  proportion 
brought  down  by  tbe  Stort  and  the  Ash       .       .  6,444 

Gauging  at  Ware  Mill,  miles  above  Field's  Weir 
after  deducting  the  quantity  abstracted  by  the 
New  River  5'344 

Increase  from  springs  between  Ware  Mill  and  Field's 
Weir  MOO 

Again,  the  four  rivers  which  meet  at  Hertford,  namely,  the 
Lea,  the  Beanc,  the  Rib,  and  the  Mimram,  were  all  gauged 
at  points  very  little  above  the  common  meeting  place,  the 
most,  distant  "being  the  gauging  of  the  Mimram  at  Ptus- 
hanger,  2  miles  above  its  junction  with  the  Lea. 

Cubic  feet. 

The  gauging  of  the  Lea,  after  receiving  all  the  above 

streams  below  Ware  Mill,  is         ....    0,59  1 
The  separate  gauging  of  the  four  streams  .  .  0.159 

Increase  from  springs  principally  between  Panshanger 

and  Ware  Mill  .       .       •       •  .435 

The  above  gaugings,  which,  I  presume,  were  all  accurately 
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made  without  any  interruption  in  point  of  time,  show  that 
between  Panshanger  and  Field's  Weir,  a  distance  of  about 
7|  miles,  there  is  an  increase  of  1535  cubic  feet  per  minute 
from  invisible  springs,  in  addition  to  from  3  to  500  feet,  the 
volume  of  the  Chadwell  spring,  which  breaks  out  at  a  suffi- 
cient height  above  the  river  to  be  measured  with  accuracy. 

DISCHARGE   OF   CHALK  STREAMS. 

Mr.  Telford,  in  1834,  found  the  volume  of  the  Verulam  at 
Bushey  Hall,  a  little  above  Watford,  equal  to  1800  cubic  feet 
per  minute,  and  that  of  the  Gade  equal  to  2520  cubic  feet. 

The  volume  of  the  Wandle,  with  a  drainage  area  of  35  square 
miles,  as  stated  in  the  evidence  before  the  Parliamentary  Com- 
mittee in  1852,  was  26.93  to  3000  cubic  feet  per  minute;  but 
this  is  the  volume  at  Wandsworth  near  its  junction  with  the 
Thames. 

Captain  Vetch,  who  has  investigated  the  subject  of  chalk 
rivers  with  some  attention  in  reference  to  the  supply  of  London, 
caused  a  contour  line  of  levels  to  be  traced  at  a  height  of  148 
feet  above  high  water  mark,  and  proposed  to  abstract  the 
streams  at  this  height,  with  a  view  of  bringing  them  into 
London  at  a  sufficient  elevation  to  supply  the  high  service. 

The  following  table  gives  the  result  of  Captain  Vetch's 
gauging  of  chalk  streams  at  this  level : — 

Miles  in  length 
flowing  through 
chalk. 

The  Verulam  19 

The  Gade  14 

The  Chess   9 

The   river  Darenth,   near   Shoreham,  in- 
cluding the  springs  at  Orpington  .... 

Mr.  Beardmore  has  gauged  with  great  care  all  the  chalk 
streams  uniting  to  form  the  Lea  at  Hertford,  and  has  added  the 
drainage  area  of  each  as  follows  : — 


Cubic  feet  per 
minute. 

2080 
2770 
1390 

2080 
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Cubic  feet  per    Square  miles  of    Cynic  feet  f°,r 
minute.  drainage.       each  square  nuto 

0  ol  clrainaee. 


Lea  proper  at  Horris  Mill  .  209G  112  18-71 

The  Beane  at  Molewood  .  1483  83  12  42 

The  Rib  at  Ware  Tark    .  .  959  61  14  34 

The  Mimram  at  Panshanger  .  1532  29  3  52-39 


The  following  gauges  are  by  others  : — 


Lea  at  Lea  Bridge  . 

8880 

570 

15-58 

Wandle  below  Carsbalton 

1800 

41 

439 

Verulam,  Bushey  Hall  . 

1800 

120-8 

14-9 

Gade,  Hunton  Bridge 

2500 

69-5 

8-19 

There  is  something  very  remarkable  in  the  great  discharges 
of  the  Mimram  and  the  Wandle,  which  amount  to  three  times  as 
much  per  square  mile  as  the  other  chalk  rivers.  This  has  not 
been  satisfactorily  explained,  nor  does  it  appear  clear  whether 
this  disposition  is  due  to  the  drainage  areas  of  these  streams 
being  less  absorbent  and  more  covered  with  impermeable  beds 
than  usual,  or  whether  it  be  due  to  faults  or  lines  of  disturb- 
ance traversing  the  chalk  districts.  The  Wandle  flows  entirely 
through  a  clay  country,  and  can  only  be  called  a  chalk 
stream,  in  consequence  of  the  supply  which  it  receives  from 
the  chalk  springs  at  Croydon,  Beddington,  and  Carsbalton. 

There  seems  to  be  evidence  of  a  peculiar  line  of  disturbance 
throughout  the  whole  chalk  district  between  Saffron  Walden 
and  Maidenhead.  A  line  joining  these  two  places  will  coincide 
with  some  very  remarkable  reaches  of  valley  which  lie  in  tins 
north-east  and  south-west  direction.  I  may  instance  that 
part  of  the  river  Rib  between  Widford  and  Hertford,  the  pe- 
culiar course  of  the  river  Lea,  between  Hatfield  and  Ware,  and 
the  whole  course  of  the  river  Colnc  from  Hatfield  to  Watfordj 
in  which  Captain  Vetch  states  there  are  many  swallow  holes. 
This  subject  requires  more  minute  investigation  than  it  has  yet 
received,  and  may  possibly  have  something  to  do  with  holding 
up  the  water  in  the  valley  of  the  Mimram,  and  producing  the 
extraordinary  discharge  at  Panshanger. 
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Fig.  12. 


Figure  12,  representing  a  section  across  the  chalk  escarp- 
ment as  at  Merstham,  in  Surrey,  shows  one  set  of  conditions 
connected  with  the  chalk  springs.  Here  a  represents  the 
chalk,  b  the  chalk  marl,  which  throws  out  powerful  springs  at 
Lydden  Spout,  and  many  other  places  along  the  south-coast;  c 
is  the  upper  green  sand  or  firestone,  d  is  the  gault  clay,  and  the 
dotted  line  ef  shows  the  line  of  drainage  or  subterranean  flow  of 
the  water,  held  up  by  the  chalk  marl  and  saturating  the  lower 
beds  of  the  chalk.  In  such  a  case  as  that  represented  by  this 
diagram,  no  springs  will  be  found  at  e,  because  the  water  will 
simply  have  its  subterranean  course  in  the  direction  of  f. 
Springs  will  probably  break  out  however  at  g,  which  represents 
a  point  where  the  water  line  cuts  the  surface  of  the  ground, 
or,  in  other  words,  where  the  surface  of  the  ground  is  below 
the  water  line.  Few  great  chalk  basins  have  their  edges  or 
circumference  entire,  but  are  commonly  interrupted  and  broken 
through  by  seas  or  great  rivers,  which  drain  alike  the  waters 
on  the  surface  and  those  which  flow  in  subterranean  sheets. 
It  follows  from  this,  that  the  line  of  saturation  e/is  not  hori- 
zontal, as  in  an  ordinary  basin,  like  that  in  which  rests  the 
sand  of  Hampstead  Heath,  but  has  an  inclination  towards  the 
level  at  which  it  is  drained  into  the  sea.  The  inclination  of 
this  line  has  been  carefully  ascertained  on  the  north  side  of 
London  by  the  Rev.  Mr.  Clutterbuck  and  others,  who  have 
determined,  from  observation  of  the  wells,  &c,  and  the  heights 
at  which  the  water  stands  in  these,  that  the  water  level,  as  it 
has  been  latterly  improperly  termed,  or  the  line  of  saturation 
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has  an  inclination  of  about  i  m  400,  01  13  feet  per  mile. 
In  other  parts  of  the  chalk  district,  as  shown  in  the  pre- 
ceding pages,  the  inclination  of  this  line  is  probably  not 
less  than  40  feet  a  mile.  Referring  again  to  the  diagram, 
the  point  g  marks  the  position  of  numerous  places  both 
in  this  country  and  in  France,  where  the  finest  springs  break 
out  in  great  abundance.  It  is  probable  that  the  springs  of 
Croydon  and  Carshalton,  which  feed  the  river  Wandle  on 
the  south  side  of  London,  as  well  as  those  of  Watford  and 
other  places  on  the  north  and  west,  have  their  origin  under 
these  circumstances.  The  towns  of  Gaines  and  St.  Omer,  in 
the  Pas  de  Calais,  have  springs  of  great  power  and  abundance, 
rising  in  the  same  manner  and  under  the  same  circumstances. 
In  nearly  all  parts  cf  this  country  the  chalk  presents  a  section 
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of  the  kind  shown  in  fig.  13,  a  being  the  short  slope  or  es- 
carpment side,  and  b  the  long  slope  or  direction  in  which  the 
strata  dip  underneath,  and  the  ground  naturally  inclines  oi 
the  surface.  A  great  number  of  towns,  situate  on  the  long 
slope  of  the  chalk,  derive  an  abundant  supply  of  spring 
water,  because  they  occupy  the  position  represented  by  <j  in 
fig.  12.  Amongst  these  in  the  London  chalk  basin  may  bo 
mentioned  St.  Alban's,  Hemel  Hempstead,  Chesham,  Wat- 
ford, Amcrsham,  High  Wycombe,  and  others  north  and  west 
of  London.  In  a  similar  position  are  Andover,  Winchester, 
Croydon,  and  other  places  situate  on  the  long  slope  of  the 
north  downs.  In  the  chalk  wolds  of  Lincolnshire  we  have 
Louth  and  Alford  occupying  a  similar  situation,  and  possess- 
ing similar  copious  springs  ;  while  along  the  line  of  the  south 
downs  wo  find  Farobain,  Emsworth,  Lavant,  Chichester,  and 
other  places  equally  remarkable  for  copious  chalk  springs. 
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Pig.  14.  Fig.  15. 


Figs.  14  and  15  represent  sections  across  a  chalk  escarp- 
ment, illustrating  the  mode  in  which  springs  occur  on 
the  short  or  escarpment  slope  of  the  chalk.  In  fig.  14,  the 
chalk  marl  is  shown  bent  upwards  at  h,  in  such  a  manner  that 
the  water  falling  on  and  sinking  into  the  porous  chalk  a,  will 
How  backwards  and  break  out  in  springs  at  e.  In  fig.  15,  the 
chalk  marl  is  faulted  at  h  in  such  a  manner  that  the  water 
will  be  retained  in  the  water-tight  depression  between  e  and 
h  untd  it  accumulates  and  breaks  out  in  springs  at  e,  as  before. 
Wherever  springs  break  out  under  the  chalk  escarpment,  at 
the  top  of  the  chalk  marl,  as  at  Lydden  Spout,  Cheriton,  and 
many  other  spots  along  the  line  of  the  south  downs,  they  are 
probably  caused  by  the  configuration  shown  in  one  or  other  of 
these  sections. 

The  same  effect  of  a  spring  at  e  will  be  produced  if  we 
conceive  the  chalk  marl  to  be  simply  compressed  laterally,  as 
shown  in  fig.  16.  The  ridge  there  shown  at  x,  provided  it  be 
at  a  higher  level  than  e,  will  produce  a  spring  at  e  in  the 
same  manner  as  the  actual  rupture  of  the  strata  exhibited  in 
%.  15. 

INTERMITTENT  SPRINGS. 

There  is  yet  another  class  of  springs  in  chalk  districts, 
which  it  may  be  desirable  to  notice.  These  are  the  inter, 
rmttent  or  varying  springs,  such  as  the  Ravensbourne  and 
others  of  the  Surrey  downs. 
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This  stream  of  the  Ravensbourne  breaks  out  about  six 
miles  south  of  Croydon,  in  the  valley  aiong  which  passes 
the  high  road  from  Croydon  to  East  Grinstead.  The  point 
where  it  first  appears  is  in  a  flat  part  just  below  Birchwood 
House.  This  point  is  situated  between  the  Half  Moon  Inn 
at  Caterham  Bottom  and  the  inner  entrance  to  Marden  Park. 
Its  appearance  at  the  source  is  indicated  by  a  series  of  small 
jets,  none  of  them  more  than  a  quarter  of  an  inch  in  diame- 
ter, but  so  numerous  that  in  the  course  of  20  yards  the  water 
from  these  jets  is  sufficient  to  form  a  stream  ;  and  this  in- 
creases in  size  till,  at  Caterham  Bottom,  it  may  almost  be 
called  a  river.  The  point  at  which  the  stream  first  appears 
is  about  350  feet  above  Trinity  high  water  mark,  and  it  falls 
towards  Croydon  at  the  rate  of  about  36  feet  per  mile. 

The  Bourne  broke  out  in  the  early  part  of  1837,  and  on 
the  16th  February,  1840;  on  the  latter  occasion  with  unusual 
force,  filling  not  only  its  usual  channel  in  the  Riddlesdown 
valley,  but  overflowing  the  adjacent  land  for  some  distance. 
It  appears  that  in  the  neighbouring  quarries  south  of  the 
Bourne  source,  water  mostly  appears  in  the  autumn  pre- 
viously to  the  eruption  of  the  Bourne,  so  that  from  the  state 
of  their  quarries  the  workmen  confidently  predict  the  flow- 
ing of  the  Bourne.  It  is  said  the  works  on  the  Brighton 
Railway,  especially  the  tunnel  driven  through  the  chalk  at 
Merstham,  four  miles  west  of  Caterham  valley,  were  much 
retarded  by  water  at  the  time  the  Bourne  stream  broke  out. 

Mr.  Prestwich  explains  the  phenomena  of  the  Bourne,  the 
Lavant  in  Hampshire,  and  other  intermittent  springs,  by  a  sec- 
tion of  the  kind  shown  in  fig.  16,  in  which  the  chalk  marl  is 
bent  into  an  undulating  form,  having  a  saddle  back  at  x,  and 
a  depression  between  x  and  y.  When  the  depression  between 
x  and  y  becomes  filled  up,  the  water  will  flow  over  the 
summit  x  and  be  discharged  at  s,  which  opening  acts  like 
the  longer  leg  of  a  syphon.  The  discharge  will  continue  till 
the  reservoir  between  x  and  y  is  exhausted,  when  the  flow  ot 
the  spring  will  stop  till  the  reservoir  is  again  replenished. 
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In  fig.  16,  b  represents  the  top  of  the  chalk  marl,  and  ef 
the  line  of  saturation,  when  the  basin  between  x  and  y  is 
full,  that  is,  when  the  spring  is  flowing.  It  will  be  ob- 
served that,  in  order  to  produce  a  spring  at  S,  the  level  of 
the  ridge  at  x  must  be  below  the  level  of  y,  the  outcrop 
of  the  chalk  marl.  If  it  were  otherwise,  namely,  if  y  were 
the  lowest,  we  should  have  a  spring  at  y,  as  in  fig.  14.  A 
fracture  of  the  strata,  as  shown  in  fig.  15,  would  produce 
the  same  effect  of  a  spring  at  y,  if  the  point  x  were  higher  than 
y,  but  not  otherwise. 

It  is  probable  that  along  the  range  of  the  chalk  escarp- 
ment the  various  conditions,  exhibited  in  figs.  11  to  16, 
are  all  to  be  met  with  at  different  points,  as,  for  instance,  in 
adjacent  valleys,  where  they  influence  the  hydrographical  phe- 
nomena each  in  its  own  peculiar  mode. 

It  is  remarkable  that  nearly  all  the  rivers  which  flow 
across  the  chalk  district,  whether  they  rise  on  the  chalk 
itself,  or  whether  they  rise  beyond  and  break  through  the 
escarpment,  have  their  course  in  the  same  direction  as  the 
dip  of  the  chalk  beds.  The  only  exceptions  are  to  be  found  in 
some  branches  of  the  Cam,  and  other  small  streams  in  the 
north-eastern  district.  These,  however,  will  be  found  to  flow 
on  a  part  of  the  chalk  where  the  drift  accumulations  are  very 
thick,  and  where  the  chalk  is  entirely  obscured  by  these. 

The  general  course  of  the  streams  in  chalk  districts  being 
in  the  same  direction  as  the  dip,  has  given  rise  to  the  ex- 
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pression,  that  the  subterranean  flow  of  water  follows  the 
same  direction  as  that  of  the  surface.    This  is  not  true  of 
all  formations,  however,  the  fact  being  frequently  the  re- 
verse ;  for  instance,  in  the  mountain  limestone,  the  rivers 
generally  flow  through  great  chasms  in  a  direction  opposite 
to  the  dip  of  the  beds,  which  are  commonly  very  highly  in- 
clined. In  other  words,  the  beds  usually  dip  up  stream  instead 
of  down.     Magnificent  examples  of  this  are  to  be  seen  in 
the  defile  of  the  Avon  below  Bristol,  and  on  a  smaller  scale, 
in  the  streams  of  the  Gower  district,  beyond  Swansea.    I  may 
mention  a  stream  at  Bishopton,  in  the  tract  of  Gower,  which 
rises  in  the  coal  measures,  and,  after  flowing  some  miles  in 
a  winding  course,  comes  suddenly  up  to  a  limestone  district, 
in  which  the  beds  pitch  as  steeply  as  the  roof  of  a  house, 
and  appear  at  some  distance  to  oppose  a  solid  barrier.     On  a 
nearer  approach,  however,  a  large  cleft  or  chasm  is  visible 
through  which  the  stream  clashes  with  great  rapidity.  Thence 
it  pursues  its  course  through  a  deep  hollow  glen,  all  the 
way  to  the  sea  in  a  southerly  direction,  the  beds  all  the 
time  dipping  to  the  north.     It  is  evident  when  rivers  run  in 
a  direction  opposite  to  that  of  the  dip  of  inclined  strata,  that 
the  subterranean  flow  of  water  must  be  in  an  exactly  opposite 
direction  to  that  of  the  surface  flow. 

UNIVERSALITY  OF  THE  CHALK  FORMATION. 

Viewed  in  relation  to  the  entire  surface  of  the  earth  it  is  held 
by  -eolo-ists  that  the  chalk  has  at  least  covered  all  those  parts 
lying  within  the  extreme  limits  at  which  it  now  appears. 
In  fact,  we  seem  to  have  little  more  left  either  in  tins  country 
or  the  Continent,  than  the  broken  irregular  edges  of  great 
basins  which  were  once  continuous  with  each  other. 

In  France  we  have  the  edges  of  what  has  been  called  the 
Fyrenean  Basin,  the  Mediterranean*  Basin,  and  the  Anglo- 
Parisian  Basin.    The  chalk  of  England,  from  the  coast  of 

*  Cours  Elemental  dc  Pal&ntologie  ct  de  G&logie  Straiigraphique, 
par  M.  Alcidc  D'Orbigny,  tome  2,  fasciculus  2nd,  p.  571. 
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Dorsetshire  to  the  Humber,  with  its  continuation  into  York- 
shire, forms  the  north  western  extremity  of  the  Anglo- Pari- 
sian basin,  while  the  chalk  hills  of  the  north  and  south 
downs  are  merely  ridges  inside  the  basin,  raised  up  by  the 
elevatory  movement  which  has  brought  up  the  jurassic,*  or 
neocomian  strata  of  the  Weald,  within  the  area  of  the  true 
chalk  basin. 

Besides  its  immense  development  in  France,  Spain,  and  the 
Mediterranean,  in  the  three  great  troughs  or  basins  which  have 
been  mentioned,  particular  members  of  the  cretaceous  formation 
are  found  in  many  other  parts  of  the  world.  They  occur  in 
Belgium,  Holland,  Prussia,  Westphalia,  Hanover,  Saxony, 
Bohemia,  Poland,  Sweden  ;  also  in  Mingrelia,  Circassia,  Geor- 
gia, the  Caucasus,  Bulgaria,  Servia,  Wallachia,  Transylvania, 
Gallicia,  Volhynia,  and  Podolia.  Immense  surfaces  of  chalk 
extend  across  Russia  from  Poland  to  the  Ural  Mountains. 
In  North  America  the  chalk  formation  extends  over  35°  of 
latitude,  from  Texas  to  the  eastern  part  of  New  Jersey.  In 
South  America  the  chalk  has  been  observed  in  New  Granada, 
in  Peru,  in  Chili,  and  the  Straits  of  Magellan.  In  Asia  it 
exists  in  Pondicherry  and  in  Java. 

In  the  western  hemisphere,  therefore,  we  find  the  chalk  ex- 
isting in  New  Jersey  at  35°  of  north  latitude,  and  extending 
to  the  farthest  extremity  of  South  America,  or  53°  of  south 
latitude.  In  Europe  it  extends  still  further  to  the  north,  or 
nearly  as  far  as  56°  of  north  latitude  ;  thus  clearly  showing, 
by  remains  which  still  exist,  that  this  great  formation  has  been  at 
one  time  almost  universal  over  the  whole  surface  of  the  earth. 

*  There  is  some  difference  of  opinion  among  geologists  as  to  whether 
the  Weald  clay  and  Hastings  sand  are  to  be  considered  as  neocomian,  and 
therefore  part  of  the  cretaceous  series,  or  whether  they  are  to  be  ranked 
with  the  jurassic  or  oolitic  series. 
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DEPOSITS  ABOVE  THE  CHALK  IN  THE  LONDON  BASIN. 

These  are,  in  ascending  order,  the  lower  tertiary  clays,  sands, 
and  gravel  beds,  commonly  called  the  plastic  clay  series,  and  next 
the  thick  mass  of  the  London  clay,  above  which  are  the  sands  of 
Bagshot  and  Hampstead  Heath.  The  surface  of  the  London 
clay  and  that  of  the  lower  tertiary  beds,  is  frequently  overlaid 
by  a  thick  stratum  of  diluvial  gravel,  which  will  be  noticed 
hereafter. 

The  lower  tertiary  beds  consist  commonly  of  alternating 
series  of  sands,  clays,  and  gravel,  resting  on  the  chalk  all  round 
the  edges  of  the  basin  and  passing  beneath  London  with  a 
thickness  varying  from  35  to  100  feet.  In  the  western  part 
of  the  basin,  as  about  Reading  and  "Oxbridge,  this  series  of  beds 
contains  a  large  per  centage  of  argillaceous  matter,  and  is  well 
entitled  to  the  appellation  of  plastic  clay.  Beneath  London, 
however,  the  mottled  clays  of  the  west  are  replaced  in  a  great 
measure  by  sand  and  gravel  beds,  while  at  the  eastern  extre- 
mity of  the  basin,  as  about  the  Reculvers,  nearly  the  whole 
mass  consists  of  sands,  which  here  assume  such  a  considerable 
thickness  that  Mr.  Prestwich  proposes  to  confer  upon  them 
the  distinguishing  title  of  the  "  Thanet  sands."  Proceeding 
upwards  from  the  chalk,  Mr.  Prestwich  gives  the  following 
as  an  average  section  of  the  lowest  tertiary  beds  beneath 
London : — 

20  to  50  feet  of  light-coloured  siliceous  sands, 
15  to  45  feet  of  sands,  mottled  clays,  and  pebble  beds,  very 
irregularly  stratified, 
1  to   3  feet  of  sands,  pebbles  and  shells, 

3G  to  !)8  ; 
above  this  is  the  London  clay. 

Mr.  Prestwich,  who  has  taken  immense  pains  to  investigate 
the  hydrographical  conditions  of  the  water-bearing  strata 
around  London,  proposes  to  divide  the  tertiary  basin  into  four 
distinct  parts,  by  means  of  two  lines  crossing  each  other  nearly 
in  the  direction  of  the  disturbing  lines  which  have  been 
already  mentioned  ns  intersecting  the  chalk  basin.    One  of 
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these  Rues  passes  in  a  direction  due  north  and  south,  a  little  on 
the  east  side  of  London,  namely,  in  the  valley  of  the  Ravens- 
bourne  and  through  Hoddesdon  and  Waltham  Abbey,  in  the 
valley  of  the  Lea.  The  other  passes  in  a  true  east  and  west 
direction  immediately  south  of  London,  through  Windsor, 
Brentford,  and  Woolwich,  each  line  being  continued  to  the  out- 
side of  the  basin  or  into  the  sea.  These  lines  intersecting 
each  other  at  Lewisham,  divide  the  tertiary  area  into  four  parts, 
which  Mr.  Prestwich  distinguishes  by  their  position  as  the 
North- West,  the  North-East,  the  South-West,  and  South- 
East  divisions.  At  a  great  many  points  in  each  of  these  divi- 
sions, Mr.  Prestwich  has  examined  and  measured  sections  of 
wells,  pits,  cliffs,  &c,  showing  the  thickness  and  composition 
of  the  various  beds  composing  the  lower  tertiary  series.  From 
these  data  he  has  made  very  accurate  estimates  of  the  relative 
thickness  of  clays  and  sand  in  every  part  of  the  basin.  The 
outcrop  of  the  beds  has  also  been  investigated  with  much  care, 
as  well  as  the  area  or  surface  of  country  which  they  occupy. 
The  following  table  contains  a  summary  of  the  information 
which  Mr.  Prestwich  has  collected  on  these  heads  :— 


o  • 

Lower  Tertiary  Strata. 

Total  extent 
tertiary  ares 

Extent  of 
area. 

Lencth  of 
outcrop. 

0  a) 

1  go 

•2  £  ? 
H 

Divisions. 

Square 
Miles. 

Square 
Wiles. 

Wiles. 

Feet. 

North-Western  or  Watford*  Division  . 
North-Eastern  or  Chelmsford*  Division 
South-Western  or  Epsom*  Division  . 
South-Eastern  or  Rochester*  Division  . 

315 
1524 

711 
1524 

50 

64 
45 
04 

60 
95 
130 
95 

15 

30 
22 
30 

4134 

223 

380 

From  this  table  it  will  be  seen  that  although  4134  square 
*  These  names  of  towns,  situated  nearly  in  the  centre  of  each  division, 

are  merely  added  to  aid  the  memory  in  identifying,  without  the  aid  of  a 

map,  the  different  divisions  here  indicated. 
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miles  of  country  in  the  London  chalk  basin  are  covered  with 
tertiary  strata,  yet  only  223  square  miles  consist  of  lower  beds 
partially  permeable  by  water.  Mr.  Prestwich  is  of  opinion 
that  the  two  great  lines  of  disturbance  which  have  been  men- 
tioned, prevent  the  free  communication  of  water  between  one 
part  of  the  district  and  another,  so  that  wells  sunk  in  one  di- 
vision will  not  draw  the  water  from  the  other.  Taking  then 
the  area  of  lower  tertiary  strata  in  any  one  district,  we  have  still 
to  consider  that  only  a  certain  part  of  this  consists  of  sand,  and 
that  a  large  mass  of  it  in  every  part  of  the  outcrop  is  composed 
of  clay.  The  surface  also,  even  where  the  beds  outcropping 
consist  of  sand,  is  frequently  covered  with  argillaceous  drift 
deposits,  which  impede  and  often  altogether  prevent  the  infiltra- 
tion of  water.  It  is  probable,  also,  that  the  sands,  even  when 
they  crop  out  at  the  surface,  may  pass  into  clays,  and  thin 
out  into  lenticular  masses,  through  which  water  will  permeate 
with  great  difficulty.  Mr.  Prestwich  points  out  several  other 
disturbing  causes  which  will  interfere  with  the  flow  of  water 
through  these  beds  ;  and  on  the  whole  it  appears,  looking  at 
their  small  area  as  compared  with  the  immense  surface  occu- 
pied by  the  chalk,  that  these  sands  present  much  less  prospect 
of  affording  a  large  supply  of  water. 

At  the  same  time,  owing  to  the  considerable  elevation  at 
which  the  sands  crop  out,  especially  on  the  northern  side  of 
the  basin,  it  is  found  on  sinking  wells  into  them  through  the 
London  clay,  that  the  water  bursts  up  with  considerable  force, 
and  rises  to  a  considerable  height  in  the  well.  The  bottom  or 
basement  of  the  London  clay  is  frequently  indicated  by  a  hard 
pebble  bed,  sometimes  only  a  few  inches  and  sometimes  several 
feet  in  thickness.  In  places  where  this  bed  is  argillaceous  and 
serves  to  keep  down  the  water,  it  frequently  bursts  up  with 
violence  when  the  boring  tools  first  penetrate  through  it.  This 
is  also  the  case  in  passing  through  the  beds  of  tabular  septaria, 
which  are  commonly  found  in  the  lower  part  of  the  London 
clay.  The  same  thing  has  been  observed  by  borers  in  passing 
through  the  bed  of  green  coated  flints  which  usually  separates 
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the  chalk  from  the  tertiary  beds  ;  and,  again,  a  similar  upward 
rush  of  water  is  met  with  in  breaking  through  the  tabular 
masses  of  flint  which  occur  in  the  upper  white  chalk. 

The  springs  which  break  out  from  the  chalk  at  Chadwell, 
Watford,  Croydon,  and  other  places,  owing  to  the  overflow  of 
the  line  of  saturation  have  been  described  at  page  48.  The 
tertiary  sands  when  denuded  of  the  London  clay,  yield  springs 
of  a  similar  description  due  to  the  same  cause,  namely  the 
level  of  the  ground  at  certain  points  being  below  the  general 
line  of  saturation.  The  springs  on  the  south  side  of  Peckham 
Rye  Common,  and  others  which  feed  the  Peckham  branch  of 
the  Grand  Surrey  Canal,  are  due  to  this  cause ;  and  many 
similar  springs  are  to  be  met  with  in  various  parts  of  the  ter- 
tiary area.  The  springs  which  break  out  at  the  foot  of  the 
sand  hills  between  Greenwich  and  Woolwich,  and  flow  across 
the  marshes  to  the  river  Thames,  are  probably  caused  by  the 
argillaceous  loamy  alluvium  of  the  marshes,  abutting  against 
the  sand  and  keeping  up  the  water  till  it  breaks  out  and  flows 
through  the  marsh  ditches. 

The  river  Thames  has  probably  at  one  time  flowed  at  the 
very  base  of  these  sand  hills,  but  in  process  of  time  has  altered 
its  course  and  filled  up  the  marshes  with  alluvial  detritus. 
The  water  from  the  sand  having  now  to  find  its  way  across 
these  marshes  appears  in  the  form  of  springs,  whereas  formerly 
the  river  probably  drained  the  sand  directly  and  immediately 
without  the  action  of  water-courses  and  springs  at  their  heads. 
All  rivers  naturally  drain  the  lands  through  which  they  pass, 
whether  these  lands  consist  of  the  older  stratified  rocks  or  of 
mere  drift  deposits.  When  excavations  are  made  near  the  mar- 
gin of  a  river  flowing  in  diluvium,  it  is  sometimes  difficult  to 
say  whether  the  water  which  accumulates  is  derived  from  the 
river  oris  due  to  its  percolation  through  the  drift  in  its  passage 
towards  the  river.  The  latter  origin  is  the  most  probable,  as 
the  water  is  generally  found  in  the  excavation  at  a  higher  level 
than  the  water  in  the  river.  This  has  often  been  observed  in 
sinking  the  foundations  for  bridge  abutments,  in  constructing 
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subsiding  reservoirs,  filter  beds,  &c,  for  water-works  and  otber 
purposes  by  the  sides  of  rivers. 

EXTENT  OF  THE  TERTIARY  SANDS  IN  THE  LONDON 

BASIN. 

They  may  be  traced  from  the  Suffolk  coast,  near  Aldborough, 
extending  in  a  narrow  band  seldom  more  than  a  mile  in  width, 
by  Woodbridge,  Ipswich,  Hadleigh,  Sudbury,  Great  Yeldham, 
Bishop  Stortford,  Hertford,  Hoddesdon,  Hatfield,  Watford, 
Uxbridge,  Windsor,  Reading,  and  Newbury,  nearly  to  Hunger- 
ford.  This  is  the  western  extremity  of  the  tertiary  basin,  the 
boundary  of  which  then  takes  an  easterly  direction,  passing  by 
Kingsclere,  Odiham,  Farnham,  Guildford,  Epsom,  and  Croy- 
don, into  the  valley  of  the  Thames,  which  it  occupies  for 
a  considerable  breadth  all  the  way  to  the  sea,  extending  also 
under  the  Isle  of  Sheppy,  by  Rochester,  Faversham,  and  Can- 
terbury, to  the  sea  between  Ramsgate  and  Deal.  The  length 
of  the  outcrop,  according  to  Mr.  Prestwich,  being  380  miles, 
and  the  area  223  miles — this  gives  an  average  breadth  to  the 
lower  tertiary  strata  of  less  than  two-thirds  of  a  mile.  Where 
the  outcrop  is  intersected  by  valleys,  however,  the  London  clay 
is  denuded  and  a  greater  breadth  of  the  lower  tcrtiaries  exposed, 
as  in  the  valley  of  the  Lea  between  Hertford  and  Hoddesdon, 
in  the  neighbourhood  of  Watford,  and  other  parts  of  the  out- 
crop. Also  in  the  valleys  of  the  Thames  and  the  Medway 
extensive  denudation,  combined  with  faults,  has  exposed  a  con- 
siderable breadth  of  lower  tertiary  sands.  For  instance,  they 
extend  almost  uninterruptedly  from  Stratford  to  Croydon,  occu- 
pying here  a  breadth  of  nearly  15  miles,  broken  only  by  a  few- 
high  points,  capped  with  London  clay.  Eastward  of  this  line 
they  somewhat  diminish,  but  (he  zone  continues  to  be  several 
miles  in  breadth  all  the  way  to  the  German  Ocean. 

Mr.  Prestwich  states,  that  large  supplies  of  water  are  derived 
from  the  tertiary  sands  throughout  a  district  westward 
of  the  meridian  of  Greenwich,  which  is  bounded  on  the 
north  by  Hertford  and  Watford,  on  the  west  by  Uxbridge, 
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and  the  south  by  Croydon.  He  computes  that,  in  the  valley 
of  the  Wandle,  there  are  about  15  to  20  artesian  wells,  deriving 
a  daily  supply  of  from  800,000  to  1,200,000  gallons  of  water 
from  the  tertiary  sands,  and  in  the  valley  of  the  Lea  from  20 
to  30  such  wells,  deriving  a  supply  of  120,000  to  200,000 
gallons  a  day.  The  quantity  yielded  by  single  wells  from  these 
sands,  would  be  utterly  insignificant  for  purposes  of  public 
supply,  except  for  very  small  towns.  There  are  few  instances 
of  single  wells  which  derive  a  water  supply  of  more  than  100,000 
gallons  a  day  from  these  sands.*  It  has  been  asserted,  how- 
ever, that  many  of  the  London  wells  which  are  sunk  or  bored  into 
the  chalk,  really  derive  their  supply  from  the  tertiary  sands  ; 
and  certainly  the  remarkable  difference  between  the  chalk  water 
of  the  London  wells  and  that  of  chalk  M  ater,  for  instance,  from 
Watford  or  Ware,  lends  some  countenance  to  the  supposition. 

Most  of  the  water  from  the  London  chalk  wells  yield  carbo- 
nate of  soda  and  magnesia,  and  a  comparatively  small  quantity 
of  carbonate  of  lime,  while,  on  the  other  hand,  the  water  from 
Ware  and  Watford  has  a  large  proportion  of  carbonate  of  lime, 
and  seldom  any  of  the  other  carbonates.  Again,  the  sulphates 
of  soda  and  potash  abound  in  the  London  well  waters,  but  are 
absent  from  the  pure  chalk  water.  The  chloride  of  sodium  is 
also  found  extensively  in  the  London  well  water,  but  is  almost 
wanting  in  pure  chalk  water.  See  a  valuable  collection  of  ana- 
lyses of  river  and  well  waters,  published  by  Mr.  Prestwich. 

THE   LONDON  CLAY. 

The  London  clay  itself  is,  from  its  nature,  destitute  of  water, 
although  there  are  numerous  wells  in  and  about  the  metro- 
polis  deriving  their  supply  from  the  drift  gravel  which  covers 
it.    Wells  are  exceedingly  common  all  over  England  in  drift 

*  Mr.  Swindell  states  the  yield  of  the  well  at  Harwell  Lunatic  Asylum, 
which  terminates  in  the  tertiary  sands,  at  100  gallons  per  minute,  which 
is  equal  to  144,000  gallons  in  24  hours.  The  first  30  feet  of  this  well  are 
10  feet  diameter  the  rest  of  it  6  feet. 
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gravel,  especially  where  the  gravel  rests  on  an  irregular  surface 
of  London  clay,  or  on  the  marly  clays  of  the  new  red  sandstone 
formation.  It  is  probable  the  water  lies  in  hollows  and  troughs 
in  the  surface  of  the  clay,  and  is  frequently  found  at  shallow 
depths  beneath  the  surface.  The  water  never  overflows  in 
such  wells,  and  never  spouts  up  as  in  an  artesian  boring.  Its 
level  is,  however,  affected  by  the  dryness  of  the  season,  and  it 
frequently  happens  that  the  highest  wells  in  such  districts 
become  dried  up,  while  those  sunk  deeper,  or  at  lower  levels, 
continue  to  yield  a  supply. 

The  drift  gravel  is  exceedingly  variable  in  thickness,  and 
wells  sunk  into  it  commonly  range  from  10  to  50  feet  in 
depth.*  It  is  quite  unfit  for  yielding  large  supplies  for  the 
use  of  towns,  although  in  all  parts  of  the  country  there  are 
numerous  private  wells  drawing  a  supply  from  drift  gravel. 

This  is  the  case  not  only  with  such  towns  as  Southampton, 
Portsmouth,  and  others  on  tertiary  formations,  but  also  with 
towns  such  as  Leicester,  situate  on  the  clays  or  marls  of  the 
new  red  sandstone.  Where  drift  gravel  is  overlaid  by  an 
argillaceous  deposit,  as  in  some  parts  of  Essex,  and  wells 
are  sunk  at  points  lower  than  the  outcrop  of  the  gravel,  the 
water  will  sometimes  rise,  as  in  artesian  wells,  and  may  be 
successfully  obtained  by  means  of  a  simple  boring.  It  is  far 
more  common,  however,  to  find  the  drift  gravel  merely  form- 
ing the  surface  and  not  overlaid  by  any  deposit  sufficiently 
thick  or  impervious  to  keep  down  the  water.  In  all  such 
cases  it  is  obvious  the  water  in  the  gravel  merely  rests  on 
the  clay  beneath  at  its  lowest  level,  and  can  only  be  obtained 
by  sinking  wells  into  which  the  water  will  filter,  but  will  not 

*  The  expression  "land  springs,"  which  is  very  common  with  the 
London  well  sinkers  and  borers,  is  applied  to  the  shallow  surface  springs 
rising  in  the  drift,  cither  from  the  alternation  of  clay  with  the  more 
porous  gravel  beds,  or  from  (he  water  held  in  the  irregular  hollows 
of  the  London  clay  beneath.  Mr.  Tabberner  (quoted  by  Mr.  Prcstwich 
from  the  Daily  News,  13  March,  1850)  estimates  the  yield  of  the  Londou 
drift  wells  at  an  aggregate  daily  quantity  of  about  3,000,000  gallons. 
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rise  above  the  ordinary  level  of  the  water  in  its  subterranean 
basin.  From  these  wells  the  water  must  be  pumped  to  the 
/  surface,  and  any  attempt  to  procure  water  by  simple  artesian 
/  bores  will  of  course  be  fruitless.  Although,  in  London,  and 
many  other  towns,  the  drift  gravel  formerly  supplied 
numerous  wells,  it  is  found  that  the  construction  of  sewers 
gradually  drains  these  wells,  rendering  it  necessary  in  some 
instances  to  sink  them  deeper,  and  in  others  entirely  ab- 
stracting the  supply  and  drying  up  the  wells.  Besides  this, 
the  burial-yards  found  in  all  large  towns,  and  the  innu- 
merable impurities  arising  from  gas-works  and  offensive 
manufactures  being  poured  into  the  sewers,  have  in  time  so 
saturated  the  soil  as  to  poison  the  water  of  all  such  wells  and 
render  it  wholly  unfit  for  use. 

THE   BAGSHOT  SAND. 

We  shall  see  in  a  future  page,  that  at  a  certain  period  in 
the  history  of  London  the  springs  breaking  out  from  below  the 
sands  of  Hampstead  Heath  were  looked  on  with  much  satisfac- 
tion as  a  new  source  of  supply  of  great  value  and  importance. 
The  whole  cap  of  sand  on  these  hills,  however,  does  not 
probably  exceed  one  square  mile  on  which  the  whole  rainfall, 
even  if  we  conceive  it  all  to  be  absorbed  into  the  soil,  does 
not  amount  to  a  million  gallons  per  day,  so  that  if  all  the 
springs  on  every  side  of  Hampstead  Hill  were  collected  they 
would  fall  somewhat  short  of  this  amount,  or  less  than  -g^th  of 
the  whole  supply  required  for  the  metropolis.  With  respect 
to  all  the  springs  on  the  west  side  of  Hampstead,  they  would 
scarcely  be  worth  the  expense  of  the  works  necessary  to  col- 
lect and  convey  them  ;  and,  in  point  of  fact,  the  water  actually 
collected  in  the  intercepting  ponds  of  the  Hampstead  works 
may  be  considered  as  comprising  all  that  can  be  collected 
with  advantage.  This  quantity  does  not  probably  amount  to 
more  than  about  200,000  gallons  per  day,  a  quantity  perfectly 
insignificant  in  comparison  with  that  required  for  the  supply 
of  London, 
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THE  BAGSHOT  SANDS  OF  SURREY  AND  HAMPSHIRE. 

These  sands  extend  almost  continuously  from  Esher  to 
Strathfieldsaye,  with  an  extreme  breadth  from  the  north  side 
of  Virginia  Water  to  the  neighbourhood  of  Farnham.  Es- 
timated roughly,  the  length  of  the  district  may  be  taken  at 
30  miles,  by  an  average  breadth  of  10  or  12  miles.  The 
Bagshot  sand  is  capable  of  three  subdivisions.  The  first  or 
uppermost  is  pure  siliceous  sand  varying  from  200  to  300  feet 
in  thickness,  and  covering  an  area  of  80  to  100  square  miles. 
The  upper  sand  attains  its  greatest  thickness*  in  the  north 
and  east  part  about  Bagshot  Heath,  Chobham  Ridges, 
Romping  Downs,  Finchhampstead  Ridges,  and  Hartford 
Bridge  Flats.    This  is  the  upper  Bagshot  sand  of  geologists. 

The  middle  division  consists  of  a  retentive  stratum  of 
white  or  pale  yellow  clay  or  marl,  from  15  to  30  feet  in 
thickness.  These  clays  are  extensively  used  for  making  bricks. 

This  middle  division  forms  the  Brackesham  beds,  or 
middle  Bagshot  of  geologists. 

Below  this  middle  division  is  a  lower  series  of  light  coloured 
sands,  which  like  tbe  upper  beds  consist  of  nearly  pure  sili- 
ceous matter.  These  are  the  lower  Bagshot  sands  of  geologists. 

Professor  Ramsay,  in  his  letter  to  the  Board  of  Hcallb, 
points  out  that  a  covering  of  gravel,  varying  in  thickness 
from  a  few  inches  to  20  or  30  feet,  frequently  obscures  tbe 
surface  of  the  sands;  but,  notwithstanding  this,  both  the 
upper  and  lower  sands  admit  very  freely  the  percolation  of 
water,  so  that  littlo  passes  off  by  evaporation,  and  nearly  the 
whole  rainfall  is  absorbed.  Many  of  the  small  streams  rising 
from  Bagshot  and  the  neighbouring  heaths,  break  out  at  the  top 
of  the  middle  or  argillaceous  portion,  while  the  water  falling 
on  the  lower  sands  is  absorbed  by  them,  and  docs  not  appear 
at  the  surface  till  thrown  out  by  the  underlying  London  clay. 

*  Report  by  Robert  Austen,  Esq.,  F.G.S.,  of  Ohil worth  Manor,  near 
Guildford  to  tho  Commissioners  of  tho  General  Board  of  Health. 
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PROPOSED  GATHERING  GROUND  ON  THE  BAGSHOT  SANDS. 

About  twenty  years  ago  the  Bagshot  sands  were  proposed 
by  the  General  Board  of  Health  as  an  immense  gathering 
ground  for  procuring  the  greater  portion  of  the  supply 
required  for  the  metropolis.  The  project  is  first  dimly 
shadowed  forth  in  the  Report  on  Supply  of  Water  to  the 
Metropolis,  dated  28th  May,  1850,  and  presented  to  both 
Houses  of  Parliament.  The  Report  says,  "  The  portion  of 
this  district  (the  Bagshot  sands)  to  which  our  attention  has 
been  more  immediately  directed  comprises  an  area  of  less 
than  100  square  miles,  lying  east  and  west  of  a  line  from 
Bagshot  to  Farnham.  The  remaining  district,  which  we 
have  had  under  consideration,  although  of  the  same  bleak 
and  barren  character,  is  of  a  different  geological  construction, 
consisting  of  the  upper  and  lower  green  sands,  and  gault  of 
the  green  sand  formation,  and  constitutes  the  uncultivated 
eand  districts  draining  into  the  east  and  west  tributaries  of 
the  river  Wey,  situated  south  of  the  chalk  ridge  in  the  midst 
of  which  the  town  of  Guildford  stands."  The  report  con- 
tains no  details  of  the  project — no  statement  of  the  mode 
to  be  practised  for  collecting  the  water,  the  levels  at  which 
it  is  to  be  conveyed  and  stored  for  distribution,  nor,  in  tact, 
any  of  that  kind  of  information  which  first  occurs  to  an 
engineer  as  most  essential  in  an  inquiry  of  this  nature. 

After  stating,  however,  as  the  result  of  numerous  inquiries 
and  investigations,  that  the  daily  supply  required  for  the  me- 
tropolis was  40  million  gallons,*  they  set  forth  the  following 
estimate  of  the  yield  of  their  gathering  grounds  from  gaugings 
taken  at  the  end  of  nearly  six  weeks  of  dry  weather : — 

*  This  quantity  is  already  far  below  that  supplied  at  the  present 
moment  by  the  existing  Companies.  In  fact,  the  returns  of  1 853,  only 
three  years  after  the  date  of  this  report,  show  a  much  larger  quantity 
than  40,000,000,  and  the  supply  now  in  April,  1870,  actually  exceeds 
100,000,000  gallons  a  day,  or  V.,  times  the  amount  in  1850. 
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Gallons 

From  surface  gathering  grounds  of  sand,  comprising  speci-  per  day. 
mens  averaging  from  ^  to  1  degree  of  hardness,  and 
equal  in  quality  to  the  water  delivered  at  Farnham,  from 
which  district,  and  from  streams  derived  from  similar 
grounds,  the  average  hardness  may  be  estimated  as 
under  3  degrees   28,000,000 

From  certain  tributaries  to  the  river  Wey,  containing 
some  water  from  the  chalk,  hut  of  a  general  quality  of 
hardness,  J  the  average  of  the  present  supply  of  the 
Metropolis   60,000,000 

From  other  tributaries  to  the  Wey,  of  a  harder  quality, 
but  only  one-half  the  hardness  of  the  present  supply  to 
the  Metropolis   90,000,000 


In  the  appendix  to  this  report  the  Board  of  Health  pub- 
lishes an  immense  mass  of  medical  evidence,  the  general 
effect  of  which  is  to  show  that  the  water  from  the  gathering 
grounds  is  of  very  superior  quality  as  to  softness.  Neither 
in  the  report  nor  in  the  evidence  is  to  be  found  one  word 
or  one  fact,  as  far  as  I  am  aware,  in  support  of  the  above 
estimated  yield  of  the  gathering  grounds. 

The  only  other  extract  which  I  shall  make  from  the  report 
at  present,  is  the  following  estimate  of  the  gross  estimated 
cost  of  this  magnificent  project,  which  I  presume,  from  the 
wording  of  the  estimate,  and  its  including  street  and  branch 
mains,  services,  &c,  was  intended  entirely  to  supersede  and 
replace  all  the  works  of  the  eight  existing  companies,  and 
render  all  their  plant  and  apparatus  of  every  kind  entirely 
unnecessary.  Here  then  is  the  estimate  in  the  very  words  of 
the  report : — 

"Storage  reservoirs,  and  intercepting  culverts  on  gathering 
ground  ;  covered  aqueduct  thence  to  service  reservoirs ; 
covered  service  reservoirs  and  filler  beds  ;  principal  mains  from 
reservoirs,  street,  and  branch  mains,  and  services,  Sec,  Sec, 
over  the  whole  district,  including  land  for  works  and  compen- 
sation, 361,432,000." 

The  estimate  has  one  other  item,  namely,  -6710,000  for 
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sewerage,  to  be  carried  out  in  connection  with  the  water- 
supply.    With  this  we  have  nothing  to  do  at  present. 

It  appears  that  the  idea  of  collecting  water  extensively 
from  the  Bagshot  sands,  originated  in  the  observation  of  some 
small  works  which  had  been  executed  at  Farnham.  This  town 
is  situated  on  the  southern  escarpment  of  the  north  downs, 
at  a  part  where  the  chalk  is  extremely  narrow,  not  more 
than  half  a  mile  in  width,  and  immediately  north  of  Farnham 
is  the  ridge  of  Tucksbmy  Hill,  about  four  miles  in  length,  and 
about  one  mile  in  breadth.  This  clay  ridge  is  capped  with 
Bagshot  sand,  a  portion  of  which  had  been  drained,  and  the 
water  received  into  a  shallow  circular  well  about  three  feet  below 
the  surface,  from  which  it  flowed  into  the  main  supplying  the 
town  of  Farnham  with  water.  The  population  of  Farnham 
being  about  7000  persons,  it  is  probable  that  at  the  very 
utmost  the  supply  from  this  source  did  not  exceed  100,000 
gallons  a  day.  This  experiment,  however,  in  which  this  com- 
paratively small  quantity  of  water  was  procured  by  means  of 
tile  drainage,  seems  actually  to  have  given  rise  to  the  gigantic 
scheme  of  the  Board  of  Health  for  supplying  more  than  50 
millions  of  gallons  a  day  to  the  inhabitants  of  London. 

Let  us  now  turn  to  the  chemical  evidence  to  see  how  the 
statements  made  in  the  report  as  to  the  quality  of  the  water 
are  supported.  The  evidence  of  Dr.  Angus  Smith  contains 
the  first  experiments  on  the  hardness  of  the  water ;  and  he 
appears  to  have  tried  23  specimens  of  water  from  the  Bag- 
shot  sands  or  district  north  of  the  Hog's  Back,  and  16  spe- 
cimens of  the  lower  green  sand  water  from  the  district  of 
Leith  Hill,  Hind  Head,  &c,  south  of  the  Hog's  Back.  The 
lowest  degree  of  hardness  which  he  found  in  any  of  the  Bag- 
shot  waters  appears  to  be  that  of  1°  in  the  water  of  Aldershot 
Heath,  while  the  hardness  of  the  rest  of  the  Bagshot  sand  water 
ranged  from  1°  upwards  to  7-8.  Is  it  on  the  evidence  then, 
of  Dr.  Smith  that  the  Board  of  Health  ventured  to  put  forth 
the  statement,  that  they  could  procure  from  the  Bagshot  sands 
28  million  gallons  of  water  daily,  of  a  quality  varying  from 
one-third  to  one  degree  in  hardness?    Of  the  23  specimens 
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of  Bagshot  sand  water  analysed  by  Dr.  Angus  Smith,  the 
average  hardness  is  actually  4°. 

Of  the  1 6  specimens  of  lower  green  sand  water,  Dr.  Smith 
finds  the  hardness  vary  from  4- 75  to  14-6,  the  average  being 
7'9  degrees,  yet  this  is  the  water  of  which  the  Board  states 
the  possibility  of  procuring  60  million  gallons  a  day,  of  hard- 
ness equal  to  one-third  of  the  average  of  the  present  supply 
to  the  metropolis.  It  must  be  observed,  that  the  report  of 
the  Board  of  Health,  and  the  evidence  of  Dr.  Angus  Smith 
were  presented  to  Parliament  at  the  same  time,  namely  in 
1850,  so  that  the  one  must  be  taken  to  be  founded  on  the 
other.  It  is  true  the  Board  afterwards  published  a  report 
by  the  Hon.  William  Napier,  containing  statements  entirely 
at  variance  with  those  of  Dr.  Angus  Smith,  but  inasmuch 
as  Mr.  Napier's  report  is  only  dated  January  1851,  whereas 
the  report  of  the  Board  bears  date  May  1850,  it  is  obvious 
none  of  the  statements  by  the  Board  could  have  been  founded 
on  Mr.  Napier's  report. 

With  respect  to  the  other  chemical  evidence  published  by  the 
Board  as  an  appendix  to  their  report,  we  find  Professor  Way 
saying  that  he  analysed  "  Some  water  from  a  small  well  near 
its  source,  through  which  the  water  flows  on  its  way  to  the 
town.  The  proportion  of  lime  I  found  to  be  .168  grains  in  a 
gallon,  which  is  equivalent  to  exactly  T|th  of  a  grain  of  carbo- 
nate of  lime  in  the  gallon,  or-^th  of  a  degree  of  hardness  of 
Dr.  Clarke's  test." 

Perhaps  it  was  on  this  examination  of  a  little  pool  of  rain- 
water by  Professor  Way  that  the  Board  hazarded  the  magni- 
ficent assertion,  which  has  been  before  quoted,  that  28  million 
gallons  a  day,  varying  from  I  to  1  degree  in  hardness,  could 
be  procured  from  the  Bagshot  sands. 

1  can  find  no  ana  lysis  of  the  Bagshot  waters  by  any  of  the 
other  eminent  chemists  who  were  examined  by  the  Board  of 
Health.  Among  the  witnesses  so  examined  are  Dr.  Sutherland, 
Mr.  Holland,  Dr.  Hassall,  Dr.  Gavin,  Dr.  Lyon  Playfair,  Mr. 
Spencer,  Professor  Clark,  Mr.  J.  T.  Cooper,  Professor  Hoff- 
man, and  Mr.  It.  Phillips,  all  exceedingly  able  as  analytical 
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chemists,  and  not  one  of  these  has  given  any  but  the  most 
vague  and  general  statements  as  to  the  Bagshot  waters. 

The  Board  probably  felt  on  calmly  reviewing  their  report 
of  1850,  and  the  evidence  by  which  it  was  accompanied,  that 
there  was  an  immense  hiatus  to  be  filled  up  in  some  way  or 
other,  and  they  accordingly  deputed  the  Honourable  William 
Napier  to  make  a  most  comprehensive  examination  of  the 
whole  subject,  namely  to  examine  the  whole  of  the  drainage 
grounds  both  north  and  south  of  the  Hog's  Back,  and  to  re- 
port fully  both  on  the  quantity  to  be  collected,  its  quality,  and 
the  mode  of  conduction  and  delivery,  and  further,  on  the  esti- 
mate of  the  whole  works. 

This  gentleman,  who  appears  to  have  been  thus  invested  with 
the  combined  offices  of  engineer  and  chemist  to  the  Board, 
first  publishes  a  table  of  the  yield  of  all  the  springs  and  rivu- 
lets occurring  in  an  enormous  district  of  about  400  square 
miles,  in  which  he  shows  a  total  daily  discharge  of  more  than 
39  million  gallons.  The  Bagshot  sand  district,  over  which 
his  investigations  extended,  appears  to  range  from  Pirbright 
and  Chobham  as  far  as  Eversley  and  Bramshill,  ten  miles 
beyond  Bagshot,  and  nearly  as  far  west  as  Strathfieldsaye, 
while  he  also  takes  in  an  enormous  tract  of  country  called 
Easthampstead  Plain  and  Bagshot  Heath,  on  the  north  side  of 
Bagshot.  This  it  will  be  observed  is  materially  extending  the 
district  which  had  been  contemplated  by  the  Board  before 
making  the  report  of  1850.  This  report  (page  100)  says, 
"  the  portion  of  this  district  to  which  our  attention  has  been 
more  immediately  directed,  comprises  an  area  of  less  than  100 
square  miles,  lying  east  and  west  of  a  line  from  Bagshot  and 
Farnham."  Now  the  distance  from  Bagshot  to  Farnham  is 
about  1 1  miles  in  a  straight  line,  so  that  the  Board  probably 
contemplated  the  drainage  of  a  district  about  4\  miles  wide 
on  each  side  of  this  straight  line.  It  therefore  excites  some 
surprise  to  find  Mr.  Napier  wandering  to  Eversley  and  Bram- 
shot  10  miles  west  of  Bagshot,  and  ranging  over  Easthamp- 
stead Plain  which  lies  north  of  Bagshot.    But  let  us  see  the 
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quantity  of  water  which  he  obtains  in  his  200  miles  of 
Bagshot  sarjd  area. 

Gals,  per  day. 

From  Chobhara  ridges,  the  district  east  of  Bagshot,  in- 
cluding Pirbright,  and  probably  also  Aldersbot  Heath, 
where  Dr.  Angus  Smith's  single  specimen  of  1°  hard- 
ness was  obtained,  he  finds  the  gaugings  amount  to  .  3,020,086 

From  Easthampstead  Plain  and  the  district  north  of 

Uagshot   1,509,348 

From  the  district  west  of  Bagshot  and  Farnham,  ex- 
tending to  Bramshill  and  Eversley,  he  obtains  .       .  7,712,090 


Total  from  200  square  miles  of  Bagshot  sands      .  12,241,524 


This  last  quantity  of  more  than  7,000,000  contains  6,426,000 
gallons  from  one  stream  called  North  Fleet,  which  from  its 
situation  on  the  Ordnance  Map  appears  to  be  considerably 
outside  the  limits  of  the  100  miles  described  in  the  report  of 
the  Board,  so  that  the  whole  quantity  of  water  gauged  by  Mr. 
Napier  in  this  100  miles,  clearly  does  not  exceed  0,000,000 
gallons.  It  will  be  remembered  that  the  quantity  estimated 
by  the  Board  from  this  area  is  28,000,000— truly  a  singular 
coincidence  and  one  which  entitles  the  statements  of  the  Board 
and  their  calculations  to  the  confidence  of  the  country  ! 

Mr.  Napier,  then,  having  obtained  only  a  little  more  than 
12,000,000  gallons  from  the  whole  Bagshot  sand  district, 
which  Mr.  Austin  describes  as  having  an  area  of  300  miles, 
derives  all  the  rest  of  his  39,000,000  from  the  green  sand 
districts  of  Hind  Head,  Blackdown,  Lcith  Hill,  &c.  The 
quantity  of  27,000,000,  said  to  be  derived  from  about  200 
square  miles  of  green  sand  country,  need  not  excite  much 
astonishment  as  tho  honourable  gentleman  seems  not  to  have 
boon  content  with  gauging  springs  and  rivulets,  but  appears 
to  have  taken  in  whole  rivers  without  any  regard  to  the  levels 
at  which  they  wcro  flowing,  or  tho  possibility  of  conveying 
them  to  tho  top  of  Wimbledon  Common  without  an  enormous 
pumping  power.  For  instance,  among  tho  springs  mid  rivulets 
Mowing  from  Hind  Head  and  Blackdown,  he  finds  one  which 
is  pithily  called  Bramsliot,  yielding  no  less  than  13,899,714 
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gallons  a  day,  or  nearly  equal  to  the  whole  volume  brought  in 
by  the  new  river.  It  would  be  amusing,  though  perhaps  not 
very  instructive,  if  the  Honourable  William  Napier  were  to 
publish  the  details  of  these  gaugings,  and  enlighten  the  public 
as  to  the  mode  in  which  they  were  taken. 

So  much  for  quantity  ;  now  for  quality— bearing  in  mind, 
or  referring  to  what  Dr.  Angus  Smith  has  proved  as  to  the 
hardness  of  these  waters,  one  is  fairly  surprised  to  find  that 
Mr.  Napier  states  the  whole  of  the  Bagshot  sand  water, 
without  the  slightest  exception  or  variation,  at  one  degree  of 
hardness.    Yes,  opposite  to  every  spring  and  rivulet,  every 
silver  thread  which  this  gentleman  has  visited  stands  the 
figure  1,  in  the  column  for  hardness.    Nearly  the  same  uni- 
formity prevails  in  the  green  sand  waters,  these  being  all 
either  one  or  two  degrees  with  the  exception  of  Bramshot, 
which,  being  rather  a  large  quantity,  we  may  suppose  has  been 
examined  with  unusual  care,  and  is  accordingly  marked  one- 
and-a-half.    In  order  to  show  the  extreme  patience  and  care 
with  which  Mr.  Napier  has  investigated  the  tough  subject 
of  hardness,  the  following  remarks  are  quoted  from  his 
table,  as  further  explanatory  of  the  degrees   of  hardness 
marked  in  the  proper  column.     For  instance,  with  respect 
to  Holywater  Spring,  which  is  described  as  two  degrees,  the 
remark  says,  "  will  be  led  away  at  one  degree  of  hardness." 
Bramshot  water,  marked  one-and-a-half  degree,  "will  pro- 
bably be  led  away  at  half  a  degree  of  hardness."     All  the 
water  of  Hascombe  Hills,  marked  one  and  two  degrees,  "  will 
be  taken  away  at  half  a  degree  of  hardness."    And  again, 
the  water  of  Leith  Hills,  marked  two  degrees,  "  will  be  led 
away  at  one  degree  of  hardness."    Mr.  Napier's  boldness  is 
not  exhausted  by  even  all  these  grave  remarks.     He  "  can 
answer  for  at  least  ten  millions  more  under  two  degrees  of 
hardness."     I  am  at  a  loss  to  understand  the  meaning  of 
the  following  remark  in  a  report  such  as  this  professes  to  be, 
"  though  these  gaugings  are  only  offered  as  an  approximation, 
I  consider  they  will  eventually  prove  to  be  rather  under  than 
overstated." 
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Mr.  Napier  himself  seems  to  have  stood  somewhat  aghast 
at  the  difference  between  himself,  and  the  only  analytical 
chemist  who  examined  these  waters  as  to  their  hardness. 
Whether  the  following  extract  gives  any  very  satisfactory  ex- 
planation of  the  difference,  I  will  not  pretend  to  say : — 

"  Thus  by  gauging  and  testing  the  streams  at  their  sources, 
instead  of  in  their  course  and  outfalls,  we  have  the  realiza- 
tion of  the  principle  laid  down  by  the  Board ;  and  this  differ- 
ence will  go  far  to  account  for  the  variance  of  my  results  with 
those  of  Dr.  Angus  Smith." 

As  to  the  mode  of  executing  the  works,  the  information 
is  very  scanty.  We  are  not  told  whether  there  are  to  be 
any  collecting  or  impounding  reservoirs,  and  not  a  word  has 
been  said  about  filtration,  although  it  appears  that  many 
thousand  acres  of  the  gathering  grounds  consist  of  peat  and 
moorland,  the  solutions  of  which  would  require  the  water  to 
be  filtered.  We  are  told  in  a  very  off-hand  sort  of  way  that 
the  water  south  of  the  Hog's  Back  is  to  be  conveyed  through 
the  chalk  ridge  at  Guildford  ;  and  that  the  water  from  the 
sands  is  to  be  brought  in,  in  the  direction  of  Woking.  Not 
one  word  of  information  is  given  about  levels.  The  river 
Wey  at  St.  Catherine's  lock,  immediately  south  of  Guildford, 
is  only  92  feet  above  Trinity  high  Mater  mark,  and  as  the 
Guildford  pass  is  to  be  used  for  the  main  aqueduct,  and  a 
great  deal  of  the  county  north  of  Guildford  is  falling  even 
below  this  level,  it  is  probable  the  main  aqueduct  would 
not  be  higher  than  100  feet  above  Trinity  high  water  mark 
at  Guildford.  Allow  only  a  loss  of  5  feet  per  mile  for  fric- 
tion, which  would  require  an  enormous  main  to  carry  such 
a  volume  of  water,  and  we  have  120  feet  absorbed  by  fric- 
tion in  the  24  miles  between  Guildford  and  Wimbledon.  This 
would  destroy  the  whole  effect  of  the  presumed  altitude  at 
Guildford,  and  render  the  expense  of  pumping  not  one 
farthing  less  than  that  incurred  by  the  Companies  who  now 
take  the  water  from  the  Thames. 

Mr.  Napier's  estimate,  like  his  gathering  ground,  is  some. 
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what  different  from  that  of  the  Board  (less  than  half)  Here 
it  is  in  his  own  words  : — 

Collection   ^°>000 

Conduction  to  service  reservoir  on  Wimbledon  Com- 
mon in  a  double  brick  culvert,  twenty-four  miles  at 

£7000   '       ■  168>000 

Covered  service  reservoir  to  contain  four  days'  supply  at 

50  million  gallons  per  day      .       .       •       •       •  80,000 

Estimate  of  expense  of  mains  to  connect  the  reservoir 

with  the  present  street  pipeage   200,000 

Probable  amount  of  compensation  for  millowners,  irri- 

„„                                                    .  100,000 

gation,  &c  

588,000 

10  per  cent,  for  contingencies  ....  58,800 

Total  £640,800 


Any  comment  on  such  an  extraordinary  document  will  surely 
be  unnecessary. 

CONFIRMATIONS  OF  MR.   NAPIER'S  GATJGINGS. 

Mr.  Napier's  report  and  the  statements  it  contained  pro- 
bably astonished  the  Board  of  Health,  nearly  as  much  as 
they  have  subsequently  astonished  most  other  persons  who 
have  had  patience  to  read  them.  We  find,  accordingly,  Mr. 
Rammell  and  Mr.  Quick  sent  down  to  test  the  gaugings  in 
October  and  November,  1850.  Both  these  gentlemen  far 
out-Napier  Napier  !  Mr.  Bammell  hands  in  his  gaugings, 
amounting  to  51  million  gallons,  or  12  millions  more  than 
Mr.  Napier,  and  accompanies  the  statement  by  some  very 
flowery  observations  on  the  surpassing  qualities  of  the  water. 
He  glances  at  the  geology  of  the  district,  the  300  or  400 
miles  of  drainage  ground,  and  reveals  in  a  very  naive  and 
amusing  style  his  method  of  gauging,  which,  however,  I  have 
not  time  to  notice  at  present.  Mr.  Quick  modestly  contents 
himself  with  producing  his  naked  statement  of  gaugings, 
which  amounts  far  beyond  either  of  the  others,  namely,  to 
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62  million  gallons  a  day,  and  this,  too,  irom  only  15  streams 
whereas  it  appears  Mr.  Napier  gauged  no  less  than  45  oi 
tiiree  Limes  as  many.  Well  may  the  Board  have  heen  alarmed 
at  the  gradual  increase  announced  by  each  successive  inves- 
tigator,— who  shall  pretend  to  say  to  what  amount  the 
gaugings  might  have  increased  had  they  continued  to  send 
one  person  after  another  in  this  way  ? 

The  gauging  mania  then  seems  to  have  slumbered  for  more 
than  a  year,  when  we  again  find  Mr.  Ranger  gauging  the 
streams  from  the  1st  to  the  10th  of  August,  1852,  when  he 
makes  the  volume  about  4  million  gallons  a  day  less  than  Mr. 
Napier  had  made  in  the  middle  of  summer. 

About  this  time,  Mr.  Bateman  seems  to  have  been  directed 
to  examine  the  district  and  report  on  the  subject,  as  I  find 
his  report  to  Lord  Shaftesbury,  dated  27th  January,  1852, 
printed  among  the  papers  laid  before  Parliament  by  the  Board 
of  Health. 

This  report  by  Mr.  Bateman  seems  effectually  to  have 
settled  the  question,  and  to  have  been  the  last  act  in  this 
amusing  farce.  We  have  here  the  first  traces  of  sound  en- 
gineering judgment  applied  to  the  scheme.  Mr.  Bateman 
appears  to  state  fairly  enough  the  capabilities  of  the  district, 
and  the  practicability  of  the  scheme,  always  provided  the 
money  can  be  found.  He  is  apparently  not  startled  by  the 
enormous  sum  at  which  he  finds  it  necessary  to  estimate  the 
cost,  but  coolly  leaves  it  to  the  judgment  and  sense  of  the 
Board,  whether  they  can  find  it  practicable  to  bring  forward 
such  a  scheme. 

Mr.  Bateman's  gaugings  are  worthy  of  attention.  The 
general  result  is,  that  he  found  33,238,093  gallons  per  day 
against  39,407,324  by  Mr.  Napier,  against  51,375,000  by 
Mr.  Rammcll,  and  against  G2  millions  by  Mr.  Quick.  Mr. 
Bateman  thus  comments  on  these  discrepancies.  "  Allowing 
for  several  evident  errors  in  Mr.  Napier's  results,  arising  from 
the  streams  having  been  ganged  by  him  beloiv  mills  which  vert 
working  at  the  time,  and  using  water  which  had  been  jrre- 
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viously  stored,  Mr.  Foster's*  measurements  rather  exceed 
those  of  Mr.  Napier.  Mr.  Rammell's  gaugings  are  generally 
considerably  higher,  but  he  has  also  been  led  into  some  errors 
by  gauging  below  mills,  and  has,  probably,  not  made  suffi- 
cient allowance  for  the  loss  of  velocity  by  the  friction  of  the 
water  on  the  bottom  and  sides  of  the  channels  in  which  he 
measured  the  streams."  Mr.  Bateman  does  not  notice  the 
gaugings  of  Mr.  Quick  or  Mr.  Ranger,  as  he  was  probably  not 
in  possession  of  these. 

As  well  as  I  can  understand  Mr.  Bateman's  gaugings  he 
appears  to  give  about  8,000,000  gallons  a  day  from  the  200 
square  miles  of  Bagshot  sands,  and  nine-tenths  of  this  quan- 
tity he  describes  as  having  a  hardness  of  2\  to  3  degrees.  Of 
pure  green  sand  water  he  gives  upwards  of  33,000,000  gallons 
derived  from  Hind  Head,  Hascombe,  Hambleden,  and  Leith 
Hills,  with  an  average  hardness  of  2-^  degrees.  He  also  finds  the- 
Farnham  branch  of  the  river  Wey,  which  is  probably  chall, 
water,  yielding  1 0, 600,000  gallons,  with  a  hardnessofl  4  degrees. 
Mr.  Bateman  appears  to  think  highly  of  the  lower  green  sands 
as  a  gathering  ground,  but  evidently  is  not  much  captivated 
with  the  prospects  of  collection  from  the  Bagshot  sands.  He 
says,  "  the  waters  from  Bagshot  Heath,  and  those  flowing  from 
the  sands  and  gravels  north  of  Farnham,  into  the  rivers  White- 
water and  Blackwater,  form  together  not  less  than  6,000,000 
or  7,000,000  gallons  per  day  of  excellent  water;  but  they  are 
distant,  and  could  not  easily  be  combined  with  a  scheme  for 
bringing  the  water  of  the  green  sands  south  of  Guildford.  I 
should  prefer  omitting  both  the  Bagshot  waters  and  the  Farn- 
ham branch  of  the  Wey,  and  consider  the  scheme  as  affording 
a  daily  supply  of  39,000,000  or  40,000,000  gallons  of  pure 
soft  water  under  three  decrees  of  hardness." 

This  is  very  quietly  and  softly  extinguishing  the  scheme  of 
the  Board  of  Health  with  reference  to  the  Bagshot  sands,  and 
*ettin»  up  in  its  place  the  conveyance  of  water  from  the  green 
sand  bills.    This  then  is  purely  a-ad  exclusively  Mr.  Bateman's 
*  Mr.  Foster  is  an  assistant  who  ganged  for  Mr.  Bateman. 

K 


74  GATHERING  GROUND 

scheme,  and  in  this  shape-  it  is  intelligible.  He  further 
speaks  of  the  Wealden  district,  lying  much  more  to  the  south, 
and  instances  the  Hastings  sand  of  St.  Leonard's  forest  as  a 
good  gathering  ground. 

We  hear  little  of  this  project  of  the  Board  of  Health  after 
the  date  of  Mr.  Bateman's  report.  It  is  not  noticed  in  any 
Parliamentary  inquiry  subsequent  to  1852,  nor  in  the  recent 
reports  by  Commissioners  on  the  Supply  of  Water  to  the 
Metropolis.  The  failure  of  this  scheme  is  not  brought  forward 
with  any  hostile  feeling  to  the  late  Board  of  Health.  On  the 
contrary,  one  merit  must  not  be  denied  to  them— their  pro- 
ceedings have  elicited  some  useful  information,  although  mixed 
up  with  much  that  is  merely  speculative  and  hypothetical. 

It  is  now  generally  admitted  that  immense  gathering 
grounds  of  several  hundred  square  miles  are  not  adapted  to 
furnish  large  concentrated  supplies  of  water,  in  consequence 
of  the  numerous  difficulties  and  expense  of  collecting  it. 

The  district  of  Bagshot  Heath  presents  little  or  no  analogy 
with  the  scenery  of  the  Palaeozoic  rocks,  which  have  hitherto 
been  resorted  to  almost  exclusively  as  gathering  grounds. 
Neither  the  shape  of  the  valleys,  the  surface  soil,  nor  the 
elevation  of  the  ground  affords  any  features  of  similarity. 

Notwithstanding  all  the  reports  and  other  documents  which 
have  been  published  about  the  Bagshot  sands,  the  actual  pro- 
posed mode  of  collection  has  been  very  obscurely  described. 
We  are  still  almost  ignorant  of  the  absoluto  levels  at  which  the 
springs  were  to  have  been  collected,  and  the  subject  of  im- 
pounding reservoirs  is  never  once  alluded  to.  Judging  from 
the  nature  of  tho  sands,  it  seems  extremely  doubtful  whether 
impounding  reservoirs  could  ever  have  been  formed  to  hold 
water  without  lining  or  puddling  the  whole  bottom,  an  expense 
that  would  have  proved  fatal  to  any  such  scheme. 

Although  the  Bagshot  sand  district  must  lie  now  regarded 
as  totally  inadequate  for  the  supply  of  the  metropolis,  it  is  pos- 
sible that  many  of  the  towns  might  advantageously  dcrivo  a 
uupply  from  the  springs.  Farnham  is  said  to  be  already  sup- 
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plied  from  a  sandy  district  which  has  been  drained ;  and  no 
doubt  the  same  may  be  practicable  on  a  small  scale,  and  for 
other  towns  not  requiring  so  large  a  supply  as  the  metropolis. 
Such  towns  as  Windsor,  Wokingham,  Beading,  Guildford, 
Woking,  Weybridge,  Kingston,  and  Staines,  may  not  impro- 
bably find  it  advantageous  to  resort  to  the  Bagshot  sands  for  a 
supply  of  softer  water  than  they  can  procure  in  their  own 
neighbourhood.  In  the  case  of  small  supplies  to  be  taken  from 
springs,  many  of  the  difficulties  with  respect  to  large  impound- 
ing reservoirs  are  avoided,  and  adequate  collections  of  water 
may  be  made  without  the  expense  which  would  have  to  be 
incurred  for  collecting  the  water  from  200  or  800  square 
miles  of  country. 


BEDS  ABOVE  THE  TERTI  ARIES. 

About  three-fourths  of  the  whole  surface  of  Norfolk  and  Suf- 
folk consist  either  of  a  diluvial  deposit  covering  the  chalk,  or  of 
the  crag  formation,  which  is  considered  by  geologists  superior 
to  the  Bagshot  sand.  The  diluvium  consists  generally  of  clay 
or  loam  with  numerous  fragments  of  chalk  imbedded  in  it, 
and  this  is  covered  frequently  by  sand  and  other  light  soils. 
The  diluvium  is  in  many  places  as  much  as  eighty  feet  thick. 

The  crag  consists  chiefly  of  thin  layers  of  sand,  gravel,  and 
shells,  resting  sometimes  on  the  chalk  and  sometimes  on  the 
London  clay.  Frequent  sections  of  the  coast  seen  in  the  low 
cliffs  of  the  Norfolk  and  Suffolk  coasts,  from  Aldborough  to 
Cromer,  commonly  exhibit  a  succession  of  this  kind — red  loam 
at  the  base,  gravel  above  this,  and  the  gravel  again  covered  by 
chalk  rubble.  The  whole  district  over  which  these  deposits 
extend  is  remarkably  flat,  and  nowhere  rises  into  undulating 
scenery.  The  supply  of  water  is  mostly  derived  from  open 
wells,  sunk  into  the  gravel  or  through  the  loam  into  the  chalk. 
The  principal  towns  of  the  districts  are  Norwich,  Yarmouth, 
and  Ipswich,  besides  which  there  are  a  great  number  of  secon- 
dary market  towns  scattered  all  over  Norfolk  and  Suffolk. 
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There  is  also  a  remarkable  tract  of  diluvial  country,  ex- 
tending for  several  miles  inland  from  the  Humber  to  the 
Wash.  The  deposits  here  rest  on  the  chalk  which  forms  the 
Wolds  of  Lincolnshire.  The  deposit  is  mostly  impervious, 
consisting  of  retentive  beds  of  clayey  or  loamy  gravel,  and 
is  remarkable  from  the  great  number  of  overflowing  artesian 
wells  sunk  through  the  diluvium  down  to  the  chalk.  The 
wells  are  simple  borings,  frequently  80  to  100  feet  in  depth, 
and  are  locally  known  as  blow-wells.  They  abound  in  the 
neighbourhood  of  Louth,  Alford,  and  Great  Grimsby,  and 
are  commonly  met  with  throughout  a  district  about  50  miles 
in  length  from  Wainfleet  to  Barton,  on  the  Humber,  with  an 
average  breadth  from  the  coast  of  eight  or  ten  miles.  A 
similar  district  of  blow-wells  exists  on  the  coast  of  Essex, 
between  the  mouth  of  the  Stour  and  the  estuary  of  the 
Thames.  In  these  bore-holes,  however,  the  water  rises  from 
the  lower  tertiary  sands  of  the  plastic  clay  formation.  The 
quantity  of  water  which  they  yield  is  very  small,  not  moro 
than  from  one  to  eight  gallous  per  minute.  Some  of  them, 
however,  are  very  deep  ;  those  in  Foulness  Island,  Mersea 
Island,  and  Wallasea,  varying  from  300  to  450  feet  in  depth  * 

ON  THE   STRATA  BETWEEN  THE  CHALK  AND  THE 
OOLITES. 

These  in  descending  order  comprise : — 

1.  The  upper  green  sand  or  firestono. 

2.  The  gault  clay. 

3.  The  lower  green  sand  or  neocomian  of  the  French 

geologists. 

The  upper  green  sand  is  an  arenaceous  or  sandy  formation, 
underlying  the  chalk  with  variable  thickness,  which  probably 
ranges  from  a  few  inches  to  150  feet  in  Wiltshire,  where  it 
attains  its  largest  development.  It  extends  from  Filey  on  tho 

•  Nee  Dr.  Mitchell's  paper  in  Proceedings  of  Geological  Society, 
vol.  '■'>,  p.  131. 
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const  of  Yorkshire  to  near  Wainfleet  in  Lincolnshire,  where  it 
is  cut  off  by  the  estuary  of  the  Wash.  It  again  appears  under 
the  chalk  of  Norfolk,  and  extends  with  little  interruption  in 
a  south-westerly  direction  through  Cambridgeshire,  Bedford- 
shire, Bucks,  and  Oxfordshire.  The  outline  and  breadth  are 
then  very  irregular  through  Berkshire,  Wiltshire,  and  Dor- 
setshire, where  it  terminates  on  the  coast.  Another  range 
of  green  sand  commences  at  Folkestone,  and  passing  under 
the  chalk  of  the  north  downs,  ranges  in  a  horseshoe  form 
through  Kent,  Surrey,  Hampshire,  and  Sussex,  where  it 
again  comes  to  the  coast  beneath  the  chalk  of  Beachey  Head. 
In  a  considerable  part  of  its  range,  especially  in  the  more 
northern  district,  it  is  often  very  feebly  represented,  and 
being  sometimes  only  a  few  inches  in  thickness,  and  often 
covered  with  drift,  frequently  escapes  observation. 

It  is,  nevertheless,  believed  to  exist  in  the  shape  of  a  sand 
bed  or  beds,  more  or  less  indurated  into  stone,  beneath  the 
chalk  throughout  the  whole  extent  indicated.  The  breadth 
it  occupies  on  the  surface  is  insignificant,  often  not  more  than 
a  few  yards,  except  in  valleys  where  the  superior  strata  have 
been  removed  by  denudation,  and  where,  as  in  the  valley  of 
the  Thames  at  Wallingford,  and  the  vale  of  Pewsey  in 
Wiltshire,  it  occupies  a  breadth  of  several  miles. 

With  reference  to  the  upper  green  sand  surrounding  the 
chalk  of  the  London  basin,  Mr.  Prestwich  estimates  the 
length  of  its  outcrop  from  a  point  near  Cambridge  entirely 
round  the  horseshoe  outline  formed  by  connecting  the  vale  of 
Puwsey  with  Farnham,  and  extending  the  outline  to  the 
English  Channel  at  Folkestone,  at  255  miles,  with  an  averago 
breadth  of  a  mile  and  a  half.  Its  thickness  throughout  the 
northern  part  of  its  course,  as  far  south  as  Cambridge,  is 
seldom  more  than  10  feet,  and  sometimes  not  more  than  a 
few  inches.  Throughout  Oxfordshire,  Wiltshire,  Hants,  and 
Surrey,  Mr.  Prestwich  says,  tbo  average  thickness  is  probably 
75  feet,  while  in  Kent  find  Lust  Surrey  its  thickness  is  pro- 
bably about  25  feet.    Willi  the  exception  of  Watlington, 
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Wallingford,  and  Warminster,— the  latter  a  celebrated  locality 
for  upper  green  sand  fossils,— there  are  few  towns,  or  even 
large  villages,  which  can  be  said  to  be  situate  on  the  upper 
green  sand,  and  even  where  collections  of  houses  do  exist  on  it, 
the  surface  is  generally  covered  by  a  thick  drift  or  diluvium. 

There  is  in  some  cases  considerable  uncertainty  whether 
the  water  falling  on  the  chalk  sinks  through  the  chalk  marl 
and  penetrates  the  green  sand.  It  certainly  appears  to  do  so 
in  Cambridgeshire,  where,  as  well  as  in  the  neighbourhood 
of  Tring,  it  commonly  penetrates  down  to  the  gault.  Most 
of  the  chalk  springs  of  the  south  downs,  however,  as  Lydden 
Spout,  Cheriton,  &c,  are  thrown  out  by  the  chalk  marl,  and 
do  not  reach  the  upper  green  sand.  Generally  speaking, 
the  green  sand  cannot  be  expected  to  yield  a  large  supply  of 
water,  and  few  springs  break  out  from  it  except  in  the  dis- 
trict west  of  a  line  between  Farnham  and  Petersfield.  Here 
the  gault  of  Holt  Forest,  Woolmer  Forest,  and  Petersfield, 
throws  out  numerous  small  streams  which,  probably,  have 
their  origin  in  the  upper  green  sand.  In  Conybeare  and 
Phillips'  "  Geology  of  England  and  Wales,"  a  well  at  Pottcrn, 
near  Devizes,  in  the  vale  of  Pcwscy,  is  mentioned  in  the 
upper  green  sand.  This  is  sunk  12G  feet  deep  through  the 
sand  down  to  the  gault,  but  the  quantity  of  water  which  it 
yields  is  not  mentioned.  Mr.  Gravatt  (Trans.  Inst,  Civil 
Eng.  vol.  i.)  mentions  two  borings  made  through  the  upper 
green  sand  at  Tring  in  order  to  procure  water  for  the  Grand 
Junction  Canal.  The  boring  in  each  case  appears  to  havo 
passed  through  the  chalk  marl  and  upper  green  sand  into 
the  gault.  The  yield  of  one  boring  is  not  staled,  while  that 
of  the  oilier  is  said  to  be  1300  cubic-  feet  in  2  I  hours.  This, 
which  is  only  a  little  more  than  8000  gallons  a  day,  is  of 
course  a  very  insignificant  quantity,  with  reference  to  a  sup- 
ply even  I'm'  a  large  village. 

Selborne,tho  residence  of  the  accomplished  Gilbert  White, 
who  wrote  a  most  amusing  and  interesting  book  on  its 
natural  history,  is  situated  on  tho  upper  green  Baud,  west 
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of  Woolnier  Forest.  The  wells  at  Selborne,  which  are  pro- 
bably sunk  nearly,  if  not  quite,  down  to  the  gault,  are  said 
to  average  about  63  feet  in  depth.  "  When  sunk  to  this 
depth  they  seldom  fail,  but  produce  a  fine  limpid  water,  soft 
to  the  taste  and  much  commended  by  those  who  drink  the 
pure  element,  but  which  does  not  lather  well  with  soap." 

THE  GAULT. 

This  is  a  deposit  of  stiff  tenacious  blue  clay  which  lies 
between  the  upper  and  the  lower  green  sand.  It  will  be 
unnecessary  to  describe  its  range  and  direction,  as  it  every- 
where accompanies,  and  lies  parallel  to,  the  upper  green 
sand,  the  course  of  which  has  been  already  described.  Many 
streams  and  springs  break  out  on  the  edge  of  this  formation 
and  flow  over  it  in  a  direction  opposite  to  the  dip.  The  volume 
of  these,  however,  is  not  considerable,  and  the  valleys  are  not 
of  such  a  deep  and  capacious  shape  as  to  encourage  the  mode 
of  collecting  water  by  storage  reservoirs.  Either  on  or  closely 
contiguous  to  that  part  of  the  gault  formation  which  extends 
from  the  Cambridgeshire  Fens  and  the  Isle  of  Ely  into  Wilt- 
shire, are  several  towns  of  third  or  fourth  rate  importance, 
among  which  may  be  mentioned  Cambridge,  Potton,  Biggles- 
wade, Shefford,  Leighton  Buzzard,  Prince's  Eisborough, 
Wantage,  and  Devizes.  The  towns  of  Petersfield,  Dorking, 
Wye,  and  Folkestone,  are  also  situate  on  the  gault  of  Hamp- 
shire and  the  north  downs.  The  common  mode  of  procuring 
water  for  towns  situate  on  the  gault,  is  by  sinking  through 
it  down  to  the  lower  green  sand.  When  a  boring  is  made 
down  to  the  latter,  the  water  generally  rises  nearly  to  the  sur- 
face and  sometimes  overflows.  Wells  and  borings  through  th& 
gault  are  common  at  Cambridge,  Biggleswade,  Shefford,  and 
all  the  line  of  flat  clay  country  through  Leighton  Buzzard  into 
Wiltshire,  and  Mr.  Prestwich  describes  the  quality  of  water  as 
remarkably  soft  and  pure.  The  artesian  wells  of  Cambridge  aro 
very  numerous.  They  are  commonly  sunk  through  the  gault, 
and  abundantly  supplied  with  water  from  the  lower  green  sand, 
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which  probably  derives  its  supply  from  the  bigh  hills  of  Bed- 
fordshire. The  supply  from  tbe  wells  in  Cambridge  was 
formerly  esteemed  of  fair  quality,  although  a  considerable  part 
of  the  inhabitants  always  availed  themselves  of  water  from  the 
Cam,  or  from  the  Nine  Wells'  stream,  which  is  derived  from 
chalk  springs.  Latterly,  however,  the  supply  from  all  these 
sources  has  been  found  inadequate,  and  a  Company  has 
been  formed,  and  works  executed,  for  taking  a  supply 
of  about  600,000  gallons  a  day  from  the  Cherry  Hinton 
stream  and  spring,  which  is  also  derived  from  the  chalk. 
It  appears  that  for  some  years  after  1812,  when  the  first 
artesian  well  was  made  in  Cambridge,  the  water  used  to 
rise  three  or  four  feet  above  the  surface.  Owing  to  the 
increase  in  the  number  of  borings,  which  are  now  probably 
between  500  and  800,  the  water  stands,  at  present,  from  six 
to  twelve  feet  below  the  surface.  The  hardness  of  two 
specimens  of  the  Cambridge  well  water,  as  analysed  by  Mr. 
Warrington  for  Mr.  Prestwich,  was  8 -8°  and  11°. 

Another  famous  locality  for  artesian  wells  penetrating 
through  tbe  gault  to  the  lower  green  sand,  is  at  Wrest  Park, 
tbe  estate  of  the  Countess  Cowper,  near  Silsoe,  in  Bedford- 
shire. Probably  not  less  than  20  artesian  borings  have  here 
been  made  through  the  gault,  and  in  every  case  the  water  from 
the  lower  green  sand  flows  over  above  the  surface,  furnish- 
ing a  never-failing  supply  of  water.  Most  of  the  wells 
have  been  furnished  with  a  pipe  which  is  bent  over  at  tbo 
top,  so  as  to  discharge  downwards  a  constant  stream  of 
water.  The  water  tastes  perceptibly  of  lime,  and  is  highly 
esteemed  as  a  chalybeate.  Mr.  Prestwich  speaks  favourably 
of  tbe  well  water  at  Luigbton  Buzzard,  Biggleswade,  and 
other  towns  drawing  from  tbe  lower  green  sand  beneath  tho 
gault.  Mr.  Prestwicb,  Dr.  Fittou,  and  other  observers  have 
stated  the  thickness  of  the  gault  at  Folkestone  at  126  feet; 
at  Merstham  120  to  110  feet;  between  Guildford  and  Mcrs- 
tham  somewhat  thinner ;  at  Devizes  and  Swindon  about  100 
ieet;  increasing  in  Cambridgeshire  to  about  150  or  160  feet. 
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Recent  trials  have  shown  160  to  200  feet  in  thickness  at 
borings  on  the  Medway,  near  Maidstone  ;  at  Kentish  Town 
about°  130  feet ;  at  Wrotham,  Kent,  126  feet ;  at  Eddies- 
borough,  Bucks,  205  feet ;  at  Baldock,  Hertfordshire,  about 
170  feet ;  at  Hitchin  214  feet ;  and  at  Harwich  61  feet. 

Numerous  wells  and  borings  have  lately  been  sunk  in  the 
gault  district  between  Hitchin,  Ampthill,  and  Biggleswade, 
in  order  to  procure  water  for  brickmaking,  and  for  washing  the 
coprolites  which  are  extensively  dug  in  the  neighbourhood. 
These  wells  usually  pass  through  about  200  feet  of  gault. 

A  well  has  recently  been  dug  at  the  village  of  Arlesey, 
where  the  gault  was  found  to  have  the  same  thickness,  and 
at  the  well  sunk  for  the  Three-counties'  Asylum  at  Arlesey 
the  thickness  of  the  gault  was  very  accurately  ascertained 
to  be  201  feet. 

Thus  the  gault  seems  to  attain  a  maximum  thickness  of 
about  214  feet  at  Hitchin,  and  thence  to  diminish  gradually 
in  a  westerly  direction,  till  at  Cambridge  it  does  not  exceed 
160  feet,  and  where  it  finally  ends  at  Hunstanton,  in  Norfolk, 
the  bed  of  so-called  red  chalk  which  represents  the  gault  is 
only  4  feet  in  thickness.  The  area  occupied  by  the  gault 
formation,  extending  from  Cambridgeshire  into  Wiltshire,  and 
thence  under  the  north  downs  to  the  sea  at  Folkestone,  is 
given  by  Mr.  Prcstwich  at  340  square  miles,  with  an  average 
breadth  of  about  a  mile  and  a  half. 

THE   LOWER   GREEN  SAND. 

It  is  generally  understood  by  geologists  that  this  formation 
everywhere  accompanies  the  gault,  which  is  represented  as 
resting  on  a  mass  of  sand  varying  somewhat  in  mincralogical 
character  and  still  more  in  thickness,  and  which  in  English 
geology  is  known  as  the  lower  green  sand.  North  of 
the  Humbcr,  in  the  cretaceous  district  of  Yorkshire,  how- 
ever, there  arc  scarcely  any  traces  of  the  green  sand,  and 
it  is  probably  owing  to  faults  or  to  thinning  out  that  the 
Bpeeton  clay,  another  name  for  the  gault,  is  almost  in  con- 
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tact  with  the  Kimmeridge  clay  and  other  members  of  the 
oolitic  series.  Scarcely  more  visible  is  the  lower  green  sand 
skirting  the  Wolds  of  Lincolnshire,  the  chief  place  where  it 
attains  any  development  in  this  county  being  the  gently  un- 
dulating district  about  Hagworthingham  between  Market 
Raisin  and  Spilsby.  In  the  great  fen  district  of  the  Bedford 
Level,  in  the  counties  of  Norfolk,  Suffolk,  and  Cambridge,  the 
lower  green  sand  is  entirely  concealed  by  the  alluvial  deposits 
of  the  fens,  but  a  few  miles  north  of  Cambridge  it  begins  to 
appear  and  thence  extends  in  a  south-westerly  direction,  form- 
ing a  well-marked  zone  of  considerable  breadth.  Its  general 
range  here  is  parallel  to  that  of  the  gault,  but  projections  of 
the  sand  hills  frequently  jut  out  westward  to  a  considerable 
extent,  thus  breaking  the  general  smoothness  of  the  outline 
and  giving  to  this  formation  a  marked  and  peculiar  character 
which  is  altogether  wanting  in  the  gault  and  the  upper  green 
sand.  With  the  exception  of  these  projecting  eminences,  the 
breadth  of  the  green  sand  (about  two  miles  and  a  half)  may  be 
considered  as  tolerably  uniform  between  Cambridge  and 
Leighton  Buzzard,  a  little  south  of  which  it  contracts  rather 
suddenly,  and  continues  to  Abingdon  with  an  average  breadth 
of  little  more  than  a  quarter  of  a  mile.  From  this  point  it  is 
very  slightly  developed  all  along  the  western  border  of  the 
chalk.  It  appears  however  in  insulated  masses  or  outliers  of 
great  extent,  capping  all  the  hills  in  the  western  part  of  Dor- 
setshire and  the  neighbourhood  of  Chard,  Axminster,  and 
Iloniton.  In  Devonshire  it  forms  the  picturesque  and  highly 
varied  scenery  of  the  Blackdown  Hills,  which  owe  much  of 
their  peculiar  character  to  the  deep  valleys  and  alternating 
ridges  of  this  sand.  In  the  Blackdown  Hills  t he  green  sand 
overlaps  in  succession  the  edges  of  all  the  formations  between 
itself  and  the  red  sandstone,  and  actually  rests  on  the  latter 
throughout  most  of  its  western  and  southern  boundary. 

Smaller  and  still  more  detached  outliers  extend  much  fur- 
ther westward  in  Devonshire,  in  fact  considerably  to  the 
south-west  of  Lxcter,  where,  as  at  Chudleigh,  the  lower  green 
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sand  is  found  in  contact  even  with  the  Palaeozoic  rocks, 
proving  the  enormous  area  originally  covered  by  the  green 
sand  before  its  denudation. 

The  chalk  of  Hampshire  and  the  north  and  south  downs  is 
accompanied  throughout  by  a  prominent  zone  of  lower  green 
sand,  which  preserves  a  parallelism  to  the  gault  and  has 
the  same  general  horseshoe  shape  encircling  the  Weald  of 
Kent  and  Sussex.  About  one-half  of  the  whole  surface  of 
the  Isle  of  Wight  is  also  occupied  by  the  lower  green 
sand. 

The  formation  attains  its  chief  prominence  in  the  range 
of  hills  stretching  almost  in  a  westerly  direction  from  Rei- 
gate,  by  Dorking,  and  Godalming  to  Haslemere.  In  this  part 
of  the  range  are  the  towering  eminences  of  Leith  Hill,  Hind 
Head,  and  the  Blackdown  Hills  of  Hampshire,  several  of 
which  are  1000  feet  high  above  the  sea,  and  considerably  ovei-- 
top  the  neighbouring  chalk  hills. 

A  considerable  number  of  towns  are  situate  either  on  the 
lower  green  sand,  or  in  such  contiguity  to  it,  that  this  for- 
mation may  not  improbably,  either  now  or  at  some  future 
time,  be  resorted  to  for  a  supply  of  water.  Among  these 
towns  are  Cambridge,  St.  Neots,  Potton,  Biggleswade,  Bed- 
ford, Shefford,  Buckingham,  Fenny  Stratford,  Leighton- 
Buzzard,  Aylesbury,  Thame,  Oxford,  and  Abingdon.  Similarly 
situated  are  the  towns  of  Wellington,  Chard,  Honiton,  Ax- 
minster,  Sidmouth,  Colyton,  Axmouth,  and  Charmouth,  in 
the  west  of  England. 

Within  the  influence  of  the  greeu  sand  which  encircles 
the  Weald  of  Kent  and  Sussex,  (to  say  nothing  of  the  metro- 
polis itself,)  we  have  Folkestone,  Sandgate,  Hythe,  Maid- 
stone, Seven  Oaks,  Tunbridge  Wells,  Reigate,  Dorking, 
Guildford,  Godalming,  Farnham,  Alton,  Petersfield,  Petworth, 
Arundel,  Eastbourne,  Brighton,  and  Lewes. 

The  lower  green  sand  in  the  tract  between  Cambridgo  and 
Loighton  Buzzard,  occurs  in  the  form  of  grey  or  brown  sand, 
but  "chiefly,"  says  Dr.Fitton,  "as  a  coarso  ferruginous  com- 
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pound  of  quartzoze  sand  cemented  by  hydrate  and  oxide  of 
iron,  and  more  or  less  indurated.  At  the  top,  however,  is 
some  green  sand,  as  appears  from  the  first  discharge  from 
the  borings  through  the  gault,  after  the  rod  has  passed  the 
clay  ;  the  water  subsequently  obtained,  depositing  an  ochreous 
matter  of  the  colour  of  the  "Woburn  sands."  The  whole 
mass,  however,  does  not  consist  of  sand  as  there  is  a  con- 
siderable thickness  of  fullers-earth  interposed  in  the  sands 
of  Woburn,  which  are  extensively  dug  for  the  purpose  of 
procuring  the  fullers- earth.  This  mineral  has  also  been 
observed  in  the  lower  green  sand  of  Norfolk.  A  great  deal 
of  the  green  sand  district,  west  of  Woburn,  particularly  in 
the  neighbourhood  of  Leighton  Buzzard,  is  much  covered  by 
drift  gravel  which  conceals  the  sand  except  where  it  rises 
into  hills.  According  to  Greenough's  map  there  is  alluvium 
no  less  than  600  feet  thick  covering  the  green  sand  at  Elsworth, 
west  of  Cambridge. 

The  green  sand  of  the  Blackdown  hills  rests  usually  on 
the  red  marl  of  the  new  red  sandstone,  and  sometimes  on 
the  lias.  Dr.  Fitton  describes  the  sandy  surface  as  barren, 
but  the  marl,  which  forms  the  base  of  the  hills  for  about 
two-thirds  of  their  height,  is  usually  fertile  and  presents  a 
great  contrast  to  the  barrenness  of  the  sand.  The  Blackdown 
hills  are  celebrated  for  the  scythe  stones  which  are  obtained 
from  sandy  concretions  occurring  in  these  hills.  Everywhere 
around  the  Blackdown  hills  are  found  the  sources  of  the 
principal  rivers  of  Devonshire,  Somerset,  and  Dorset.  The 
Culm,  the  Tone,  tbe  Parrot,  the  Axe,  and  the  Otter,  all 
derive  largo  supplies  from  the  water  of  these  sand  hills 
thrown  out  by  the  marls  on  which  the  sand  repos<  s. 

The  lower  green  sand  of  Sussex  and  Hampshire  has  been 
described  in  great  detail  by  Dr.  Fitton,  in  his  admirable  paper 
on  the  strata  below  the  chalk  ('2nd  series,  Geol.  Trans., 
Vol.  IV.,  p.  103).  He  divides  the  lower  green  sand  into 
three  distincl  groups,  which  may  he  characterised  as  follows: 

a.  The  upper  division  consisting  principally  of  sand,  white, 
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yellowish,  or  ferruginous,  with  concretions  of  limestone  and 
of  chert  frequently  in  false  stratification.  This  division  im- 
mediately underlies  the  gault  rising  up  above  the  valley  of 
the  latter,  and  bearing  a  dry  barren  soil.  Its  thickness  at 
Folkestone  is  about  70  feet. 

b.  The  second  member  is  described  as  a  retentive  stratum 
abounding  in  green  matter  and  containing  little  stone.  The 
water  falling  on  the  upper  group  a,  in  the  neighbourhood  of 
Folkestone,  does  not  penetrate  to  the  base  of  the  lower 
green  sand,  but  is  thrown  out  in  springs  above  the  retentive 
stratum  b.  Many  of  the  wells  in  Folkestone  derive  their 
supply  from  water  which  is  upheld  by  this  middle  sandy 
clay.    Thickness,  near  Folkestone,  from  70  to  80  feet. 

c.  The  third  or  lowest  division,  which  rests  on  the  Weald 
clay,  is  more  calcareous  in  its  composition  than  either  of  the 
others,  and  contains  the  principal  beds  of  stone  bearing  the 
name  of  Kentish  rag.  These  indurated  beds  commonly  form 
a  steep  ridge  or  escarpment  overlooking  the  valley  of  the 
Weald.    Thickness,  probably,  200  feet. 

A  part  of  the  supply  of  water  to  Sandgate  is  derived  from 
the  springs  which  break  out  on  the  surface  of  this  middle 
bed,  as  described  in  Mr.  Blackwell's  Report  to  the  President 
of  the  Board  of  Health.*  The  water  from  this  part  of  the 
green  sand  has  been  so  bad  during  the  last  year,  namely 
so  full  of  gritty  sand,  and  so  impregnated  with  iron,  that 
Mr.  Blackwell  recommends  the  supply  to  be  taken  from  the 
same  springs  which  are  used  for  Folkestone,  namely  the  chalk 
marl  springs  near  Cheriton. 

Dr.  Fitton  believes,  from  the  general  information  he  has 
received,  and  the  observations  he  has  made  in  Surrey  and 
Hampshire,  that  the  same  sub-divisions  exist  in  the  lower 
green  sand  all  round  the  Wealden  area  which  it  encloses. 

The  lower  green  sand  of  Sussex  occupies  about  an  average 

*  Report  by  Thos.  E.  Blackwell,  Esq.  to  flic  President  of  the  General 
Board  of  Health,  dated  21st  February,  1855.  Parliamentary  Paper, 
Session  1855. 
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breadth  of  a  mile  and  a  half  from  Pevensey  as  far  west  as  the 
valley  of  the  Arun.  Here  it  expands  to  a  much  greater  width, 
and  continues  through  Hampshire  and  part  of  Surrey,  as  far  as 
Dorking,  with  an  average  breadth  of  not  less  than  five  miles.  At 
Dorking  it  contracts  in  width,  while  it  accompanies  the  steep 
ridge  of  chalk  called  the  Hog's  Back  ;  hut  again  expands  to  a 
width  of  several  miles  in  the  neighbourhood  of  Seven  Oaks  and 
Maidstone,  and  continues  through  Kent,  still  with  a  breadth 
of  several  miles,  to  its  termination  on  the  coast  at  Hythe  and 
Folkestone. 

The  most  prominent  parts  of  the  lower  green  sand  in  Surrey 
are  the  elevated  crests  of  Hind  Head  and  Leith  Hill.  Dr. 
Fitton  attributes  the  great  development  of  the  lower  green 
sand  in  this  part  of  the  country  to  flexures  and  undulations  in 
the  strata,  which  cause  a  repetition  of  the  same  beds  to  appear 
at  the  surface. 

It  seems  probable  that  many  of  the  small  streams  which 
flow  into  the  river  Wey  from  the  elevated  district  of  Hind  Head 
and  Woolmer  Forest,  have  their  origin  in  springs  of  the  middle 
retentive  division,  similar  to  those  observed  at  Folkestone  and 
Shorncliffe.  The  river  Wey  itself  in  its  course  through  the 
green  sand  district  probably  flows  in  a  bed  of  drift,  but  the 
Rother,  from  Petersfield  to  its  junction  with  the  Arun,  near 
Pulborough,  seems  to  flow  on  the  surface  of  this  retentive 
middle  division.  Dr.  Fitton  observes,  that  most  of  the  large 
ponds  in  the  neighbourhood  of  Dorking,  Godalming,  Woolmer 
Forest,  Frcnsham,  and  Pulborough,  are  situate  on  the  same 
stratum. 

The  thickness  of  the  lower  green  sand  at  Folkestone  has  been 
determined  with  tolerable  accuracy,  at  about  100  feet,  and  Dr. 
Fitton  thinks  it  docs  not  much  exceed  this  in  Surrey,  notwith- 
standing (be  greatly  increased  breadth  it  occupies.  Mr.  Prest- 
wieh,  however,  from  a  tolerably  exact  general  measurement 
which  he  made  with  Mr.  Austen  found  the  thickness  at  Cliil- 
wort.li,  between  Guildford  and  Dorking,  680  feet.  He  also 
gives  the  following  as  approximations  founded  on  general  ob- 
servation : — 
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Thickness  of 
Lower  Green  Sand. 
Feet. 


Kent,  Seven  Oaks   500 

Surrey,  Farnham         ......  700 

Wiltshire,  Devizes,  and  Calne      ....  20 

Oxfordshire,  generally         .....  150 

Buckinghamshire,  Leighton  Buzzard       ....  250 

n  ir  ,  ,  .  f  Woburn  .....  350 
Bedfordshire  < 

I  Biggleswade      ....  250 


Mr.  Prestwich  describes  the  area  occupied  by  the  lower 
green  sand  surrounding  the  chalk  basin  of  London  as  6o0 
square  miles,  but  a  great  part  of  this  area  is  covered  by  beds 
of  drift.  In  Wiltshire,  Oxfordshire,  Kent,  and  Surrey,  the 
covering  of  drift  is  altogether  absent  or  of  inconsiderable  thick- 
ness. In  Buckinghamshire  the  thick  beds  of  drift  by  which 
the  sand  is  covered,  are  generally  permeable  and  sandy.  In 
Bedfordshire,  however,  the  drift  gravel  or  sand  is  again  overlaid 
by  an  impermeable  formation,  called  the  "  boulder  clay  drift." 
In  Cambridgeshire  and  Norfolk  the  covering  of  drift  is  more 
general  and  impermeable.* 

Mr.  Prestwich  has  evidently  made  many  minute  examina- 
tions of  the  lower  green  sand  with  a  view  to  ascertain  its  capa- 
bility to  yield  a  supply  of  water  for  the  metropolis,  by  means 
of  wells  sunk  or  bored  around  London,  through  the  tertiary 
strata  and  the  chalk.  He  has  therefore  investigated,  with 
great  minuteness  and  detail,  the  extent  of  permeable  surface 
assignable  to  this  formation,  and  also  the  proportionate  thick- 
ness which  the  beds  of  sand  bear  to  the  argillaceous  part  of  the 
lower  green  sand  formation.  The  conclusion  which  he  seems 
to  arrive  at  on  the  latter  point  is,  that  the  group  may  be  con- 
sidered as  consisting  of  117  feet  in  thickness  of  impermeable 
clays,  and  of  250  feet  of  permeable  sands. 

Although  Mr.  Prestwich  assigns  an  area  of  C50  square  miles 
to  the  lower  green  sand  surrounding  the  London  basin,  he 
does  not  calculate  on  the  whole  of  this  as  a  contributing  area, 


*  Prestwich  on  the  Water-Bearing  Strata  of  London,  p.  88. 


83 


STRATA  BETWEEN 


whose  waters  would  drain  or  filter  into  wells  sunk  in  the 
centre  of  the  basin.  Referring  to  the  probable  existence  of 
argillaceous  beds,  similar  to  those  described  by  Dr.  Fitton  in 
the  neighbourhood  of  Folkestone,  and  which  possibly  form 
distinct  water  levels  under  London,  he  makes  some  large 
deductions  from  his  effective  surface  on  this  account.  He  also 
makes  some  further  deductions  for  parts  covered  by  imperme- 
able drift,  and  for  interruptions  caused  by  faults  and  flexures 
of  the  strata.  As  the  data  for  these  deductions  are  said  by 
himself  to  be  very  general,  it  will  be  unnecessary  to  quote  them 
here  in  detail.  Suffice  it  to  say,  that  the  whole  of  the  de- 
ductions being  made,  the  result  is,  to  reduce  the  effective 
drainage  area  of  lower  green  sand  to  230  square  miles.  He 
then  assumes  an  annual  rainfall  of  26£  inches  over  the  whole 
of  this  area,  and  a  probable  absorption  of  1 6  inches  annually, 
which  gives  a  quantity  of  nearly  146,000,000  gallons  absorbed 
in  24  hours. 

Mr.  Prestwich  gives  a  section  across  the  green  sand  forma- 
tion between  the  chalk  and  the  weald,  to  represent  generally 
the  features  of  the  country,  for  a  breadth  varying  from  three  to 
six  miles  between  the  north  downs  and  the  Weald  of  Kent 
and  Surrey. 

In  this  section,  he  shows  the  lowest  valley  line  at  the  level 
of  the  gault,  where  the  green  sand  begins,  and  then  shows  the 
outcrop  of  the  lower  green  sand  and  commencement  of  the 
weald  at  a  considerably  higher  level.* 

He  further  shows  the  weald  dipping  under  the  green  sand, 
with  an  undulating  outline,  so  tbat  about  the  centre  of  the 
green  sand  district  the  weald  is  not  many  feet  below  the  sur- 
face of  the  ground,  whereas,  if  it  dipped  at  tbe  same  angle  as 
tbc  chalk  it  would  here  have  been  several  hundred  feet  in 

*  This  form  of  section  may  be  correct  in  the  country  about  Dorking, 
where  the  green  sand  hills  are  very  high  ;  but  it  certainly  does  not  apply 
in  the  neighbourhood  of  Merstham,  where  the  Brighton  railway  intersects 
the  green  sand.  On  (his  section  tbc  gault  is  at  a  considerably  higher 
level  than  the  point  at  which  the  wcaldcn  commences. 
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depth.  This  bent,  or  undulating  stratification  of  the  weald 
has  been  confirmed  by  many  observers,  and  by  the  evidence 
of  shafts  sunk  through  the  green  sand.  In  fact,  in  the 
neighbourhood  of  Dorking  and  Guildford  the  weald  comes 
to  the  surface  in  the  centre  of  the  green  sand  district.  Dr. 
Fitton  says,  the  depth  of  green  sand  overlying  the  weald 
clay  in  Surrey  is  often  very  inconsiderable,  and  Mr.  Hopkins, 
in  his  paper  on  the  structure  of  the  Wealden  district,*  has 
pointed  out  an  almost  continuous  line  of  disturbance  or 
flexure,  extending  from  Farnham  by  Guildford  and  Dorking 
to  Seven  Oaks.  This  line  of  flexure  everywhere  brings  up 
the  weald  clay  very  nearly  to  the  surface. 

Mr.  Prestwich  shows  the  presumed  water  level  in  the  lower 
green  sand  by  a  line  drawn  from  the  outcrop  of  the  gault  to 
the  commencement  of  the  wealden.  This  line  is  not  straight 
but  somewhat  arched  or  bent  upwards.  He  remarks  on  the 
permanence  of  the  springs,  which  break  out  where  this  line 
of  saturation  cuts  the  surface  of  the  ground,  and  illustrates 
this  by  observing  that  a  fall  of  the  water  level  to  the  extent  of 
only  one  foot  probably  sets  free  50,000,000  gallons  of  water  in 
each  square  mile.  This  calculation  is  made  on  the  supposi- 
tion that  each  cubic  foot  of  the  lower  green  sand  is  capable  of 
absorbing  two  gallons  of  water,  a  result  which  his  experiments 
lead  him  to  anticipate. 

Having  arrived  at  the  conclusion  that  the  exposed  area  of 
the  lower  green  sand  which  surrounds  the  London  basin  is 
capable  of  absorbing  daily  the  enormous  quantity  of  14G,000,000 
gallons  of  water,  Mr.  Prestwich  next  draws  attention  to  the 
immense  volume  of  water  which  will  be  permanently  held  in 
the  4,600  square  miles  of  subterranean  area  attributable  to  the 
lower  green  sand.  He  assumes  the  thickness  at  200  feet,  so 
that  the  whole  capacity  of  the  subterranean  water-bearing 
mass  will  be  equal  to  920,000  square  miles  one  foot  thick 
Now,  according  to  the  experiments  of  Mr.  Prestwich,  each  of 
these  920,000  masses  or  square  miles  will  hold  more  than  a 
*  Transactions  of  the  Geological  Society,  2nd  scries,  Vol.  vii.  p.  1. 
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day's  supply  for  the  whole  metropolis  ;  so  that  we  appear  to 
have  beneath  our  feet  a  subterranean  reservoir  holding  at  this 
moment  a  25  years'  supply — being  a  tolerably  capacious  reser- 
voir. Mr.  Prestwich  argues  from  this  vast  capacity  a  perma- 
nent and  steady  maintenance  of  the  supply  to  be  taken  from 
these  sands. 

The  conclusion  which  he  seems  to  draw  from  all  the  re- 
searches he  has  made  is,  that  the  upper  green  sand  would 
yield  in  artesian  wells  from  6,000,000  to  10,000,000  gallons 
a  day,  and  that  the  lower  green  sand  would  yield  30,000,000 
to  40,000,000.  Mr.  Prestwich  estimates  the  thickness  and 
depths  of  the  strata  beneath  London  as  follows  :  = 

Thickness.  Depth. 
Feet. 

Tertiaries  200 

Chalk  650 

  850 

Upper  green  sand  ....  40 

Gault  150 

  1040  to  the 

top  of  the  lower  green  sand, 
lie  further  estimates  that  the  water  from  the  lower  green  sand 
would  probably  rise  in  artesian  wells  to  a  height  of  about  120 
feet  above  Trinity  high  water  mark,  and  that  from  the  upper 
green  sand  about  10  feet  higher. 

These  views  of  Mr.  Prestwich  have  lately  been  consider- 
ably modified,  as  there  is  now  reason  to  suppose  that  the 
lower  green  sands  arc  not  everywhere  continuous  beneath 
the  chalk.  For  instance,  at  Calais,  after  boring  through  the 
chalk  to  the  depth  of  nearly  1,800  feet,  the  strata  of  the 
carboniferous  period  wcro  mot  with,  and  all  tho  middle  and 
lower  secondary  strata  wcro  wanting.  Again,  at  Harwich 
lower  carboniferous  strata  were  met  with  after  passing 
through  chalk,  succeeded  by  about  GO  feet  of  upper  green 
sand  and  gault;  whilst  at  Kentish  Town  a  series  of  red 
sandstones  wcro  found,  after  passing  through  1,113  feet  of 
c.hall;,  succeeded  by  gault.    Mr.  Prestwich*  remarks  that 

"  Report  to  Metropolitan  Hoard  of  Works  on  tho  Boring  at  Croaa- 
dosh. 
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these  facts,  taken  in  conjunction  with  other  phenomena  ob- 
served in  Belgium  and  the  West  of  England,  have  led  geolo- 
gists to  believe  that  a  ridge  of  old  rocks  of  unknown  width 
ranges  under  the  chalk  from  Belgium,  passing  under  the  valley 
of  the  Thames,  and  continuing  to  the  West  of  England. 

It  is  unfortunate  that  the  boring  at  Crossness  has  been 
abandoned  at  a  depth  of  961  feet,  at  which  point  it  had  only 
penetrated  through  147  feet  of  gault.  This  was  not  deep 
enough  to  determine  the  thickness  of  the  gault,  nor  to  solve 
the  question  of  continuity  in  the  lower  green  sand.  So  far  as 
this  boring  is  concerned,  it  is  still  unsettled  whether  the 
gault  is  succeeded  by  the  lower  green  sand  or  by  rocks  of 
Palaeozoic  age,  as  at  Calais,  Harwich,  and  Kentish  Town. 

Whatever  may  be  the  case,  however,  as  to  the  succession 
of  strata  below  the  chalk  in  or  near  the  centre  axis  of  the 
London  basin,  it  is  quite  certain  that  all  round  the  margin 
of  the  basin,  from  Folkestone,  by  Hungerford  and  Dunstable, 
and  so  on  through  Cambridgeshire  into  Norfolk,  the  chalk  is 
everywhere  underlaid  by  the  gault  and  lower  green  sand. 

SPRINGS  OF  THE  LOWER  GREEN  SAND. 

Where  the  weald  clay  dips  with  a  uniform  inclination  under 
the  green  sand,  it  is  probable  that  no  springs  are  caused  at 
the  escarpment.    The  surface  of  the  clay  may  be  wet  and 
marshy,  but  no  perennial  springs  will  appear.    At  places, 
however,  where  the  dip  of  the  wealden  clay  has  an  undulating 
outline  like  that  of  the  gault  or  chalk  marl  as  represented  in 
fig.  16,  p.  51,  springs  will  probably  break  out  from  the  es- 
carpment if  the  crest  at  x  be  higher  than  the  outcrop  of  the 
sand  at  y.    However  small  the  trough  may  be,  it  will  have 
communication  with  a  large  area  and  mass  of  porous  strata, 
so  that  the  pressure  of  water  to  cause  springs  will  bo  con- 
siderable.   Such  undulations  do  certainly  exist,  as  the  clay 
brought  up  in  this  way  makes  its  appearance  at  tho  surface  in 
the  valley  of  Pease  Marsh,  near  Guildford,  also  on  the  south- 
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east  of  Dorking,  and  at  other  places  within  the  area  of  the  lower 
green  sand.  The  same  phenomena  of  springs  will  occur  if  we 
suppose  the  strata  fractured  by  a  fault,  as  shown  in  fig.  15, 
p.  49,  representing  a  state  of  things  in  which  the  bending  of  the 
weald  clay  has  been  so  considerable  as  to  produce  actual  dis- 
ruption. Of  course,  in  order  that  the  spring  may  flow  at  e,  we 
must  imagine  the  point  h  at  the  fracture,  which  corresponds 
with  the  crest  x  in  fig.  16,  to  be  at  a  higher  level  than  e. 

It  is  probable  that  the  springs  of  Leith  Hill  and  Hind  Head 
are  due  either  to  fractures  in  the  weald  clay  beneath  the  sand, 
as  represented  in  fig.  15,  or  to  an  undulation  as  in  fig.  16. 

We  have  already  spoken  of  Artesian  wells  from  which  water 
rises  to  or  above  the  surface  in  the  vicinity  of  Cambridge, 
and  of  overflowing  wells  at  Wrest  Park,  in  Bedfordshire. 

A  similar  phenomenon  occurs  in  the  depressed  area  of 
gault  near  Biggleswade,  where  the  ground  is  below  the  line  of 
saturation  in  the  sand,  and  where  the  pressure  of  water  from 
the  green  sand  ridges  occasionally  causes  springs  to  break  out 
and  discbarge  themselves  into  the  adjacent  streams. 

THE  WEALDEN   AREA  OF   KENT  AND  SUSSEX. 

This  is  a  peculiar  isolated  tract  entirely  surrounded,  except 
at  its  eastern  extremity,  by  the  escarpment  of  the  lower  preen 
sand.  Its  shape  resembles  that  of  a  horse  shoe,  the  rim  being 
formed  by  the  belt  of  green  sand,  while  the  open  part  faces  the 
sea  from  near  Beachy  Head  to  Hythc.  Considered  from  a  more 
extended  point  of  view,  tho  wholo  wcaldcn  formation  may  be 
described  as  an  irregular  ellipse  with  a  curvilinear  axis  of 
about  150  miles,  and  au  extreme  breadth  of  about  -10  miles. 
Measured  in  tho  lino  of  tho  transverse  axis,  a  breadth  of  about 
40  miles  has  been  broken  through  by  the  English  Channel,  and 
as  the  French  or  eastern  extremity  of  the  ellipse  is  compara- 
tively insignificant,  tbo  part  of  tho  ellipse  which  is  left  on  tho 
English  side  is  about  80  or  90  miles  in  length,  from  the  coast 
to  Haslemcro  forest.  Tho  boundary  of  the  English  wcaldcn 
district  may  bo  roughly  traced  from  near  Beachy  Hoad  on  tho 
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Sussex  coast,  thence  in  an  almost  westerly  direction  towards 
Pulborough  and  Petworth.  Then  it  passes  on  the  east  side  of 
Alton,  round  by  Petersfield,  and  thence  in  an  easterly  direc- 
tion by  Farnham,  Guildford,  Dorking,  and  Reigate,  to  the 
south  of  Seven  Oaks  and  Maidstone,  to  Hythe  on  the  Kentish 
coast. 

The  surface  of  this  tract  consists  of  two  distinct  parts, 
namely  the  Weald  clay,  and  the  Hastings  sands.  The  former 
is  an  argillaceous  deposit,  which  appears  to  dip  everywhere 
beneath  the  lower  green  sand,  but  its  continuity  at  distant 
points  within  the  cretaceous  area  has  not  been  satisfactorily 
established.  The  breadth  of  the  surface  occupied  by  the 
weald  clay  may  be  taken  at  about  five  miles,  the  breadth  being 
somewhat  greater  in  the  northern  part  of  the  district  than  in 
the  part  which  ranges  parallel  with  the  south  downs.  The 
Hastings  sand  occupies  the  whole  tract  inside  the  belt  or  zone 
of  clay.  The  Wealden  district  is  traversed  by  a  winding  anti- 
clinal axis,  from  which  the  strata  dip  in  opposite  directions, 
those  on  the  north  side  clipping  to  the  north,  and  those  on 
the  south  in  the  opposite  direction.  The  principal  towns 
either  situated  within,  or  bordering  the  Wealden  area,  are 
Hastings,  Battle,  Pulborough,  Petworth,  Horsham,  Tunbridge, 
Tunbridge  Wells,  Hythe,  Rye,  and  Winchelsea. 

The  drainage  of  the  Wealden  district  is  effected  in  a  remark- 
able  manner,  namely  by  rivers  which  rise  in  the  elevated  cen- 
tral parts  and  mostly  break  through  the  barrier  of  sand  and 
chalk  which  forms  the  north  and  south  downs.  The  prin- 
cipal rivers  which  rise  in  the  Weald  and  pass  in  this  way 
through  the  barrier,  are  the  Ouse  or  Newhaven  river,  the 
Adur  or  Shoreham  river,  the  Arun,  the  Wey,  the  Mole,  and 
the  Mcdway.  Mr.  Poulctt  Scrope,  Mr.  Martin,  and  other 
geologists,  among  the  most  recent  of  whom  is  Mr.  Hopkins, 
all  support  the  hypothesis  that  these  rivers  do  not  flow  in 
simple  channels  of  denudation,  but  in  gorges  produced  by 
antecedent  fissurcscuttingentirely  across  the  Weald.  The  gorges 
of  the  Arun  and  the  Wey  are  nearly  opposite  to  each  other,  and 
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are  probably  parts  of  the  same  fissure.  In  the  same  manner, 
the  gorges  of  the  Adur  and  the  Mole,  and  of  the  Ouse  and  the 
Medway,  range  nearly  with  each  other  in  straight  lines.  The 
whole  detail  connected  with  the  subject  of  these  transverse  frac- 
tures, and  their  connection  with  the  great  central  axis  of  eleva- 
tion, and  with  several  other  lines  parallel  to  the  latter,  is  very 
elegantly  worked  out  in  Mr.  Hopkins'  paper  already  quoted. 

Not  only  does  Mr.  Hopkins  agree  with,  and  confirm  the 
opinions  of,  former  geologists,  as  to  the  transverse  fractures 
through  the  boundary  or  encircling  frame  of  the  Wealden  dis- 
trict, but  he  points  out  in  addition  many  instances  in  which  the 
Medway  and  other  rivers  break  through  the  principal  raised 
axis  of  the  Weald  itself.  In  gorges  caused  by  transverse  frac- 
tures of  the  main  east  and  west  ridges,  several  branches  of  the 
Medway  flow  through  in  a  north  and  south  direction,  in  the 
immediate  neighbourhood  of  Penshurst  and  Lamberhurst. 

THE   JURASSIC   OR  OOLITIC  SERIES. 

This  consists  of  the  following  subdivisions  : — 

f  The  Portland  oolite  or  limestone. 
<  Portland  sand. 

[  Kimmeridge  clay. 

f  Coral  rag,  calcareous  grit  or  Headinglcn  oolite. 
\  Oxford  clay. 

{Cornbrash. 
Path  or  great  oolite. 
Fullers-earth,  clay,  and  limestone, 
f  Inferior  oolite  and  sand. 
J  Upper  lias. 
]  Lias  marlstone. 
Lower  lias. 

The  tract  of  country  which  embraces  these  various  subdivi- 
sions of  the  oolite  formation,  extends  in  a  curved  line  from  the 
coast  of  Yorkshire  to  Lyme  Regis  in  Dorset  shire.  A  line 
passing  through  (lie  centre  of  the  oolitic  district  from  "Whitby 
to  Lyme  Regis,  would  be  about  320  miles  in  length,  while  the 
breadth  of  the  formation  is  extremely  irregular,  in  some  places 
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not  more  than  two  or  three  miles,  and  in  others  as  much  as 
seventy.  The  average  breadth  may  probably  be  about  thirty- 
five  miles.  North  of  the  Humber,  the  oolites  of  Yorkshire 
occupy  an  extreme  breadth  from  Filey  on  the  coast  to  near 
Thirsk,  of  rather  more  than  forty  miles,  with  about  the  same 
length  in  a  north  and  south  direction,  from  Redcar  at  the 
mouth  of  the  Tees  to  beyond  New  Malton.  South  of  this 
place  they  extend  to  the  Humber,  forming  a  narrow  zone 
scarcely  more  than  two  miles  in  breadth. 

The  oolites  of  Yorkshire  embrace  the  eastern  Moorlands, 
the  Hambledon,  and  the  Howardian  Hills,  together  with  the 
fertile  clay  districts  of  Cleveland,  tbe  Vale  of  Esk,  and  the 
Vale  of  Pickering.  The  high  country  of  the  Moorlands, 
which  rise  to  elevations  varying  from  1,000  to  1,500  feet 
above  the  sea,  consists  of  rocks  corresponding  to  the  inferior 
and  great  oolite  of  the  south,  although  the  division  of  fullers- 
earth  which  separates  them  in  the  south  appears  to  be  want- 
ing in  Yorkshire.  The  clays  of  the  south  are  in  fact  repre- 
sented by  shales  in  the  Yorkshire  oolites,  while  the  limestones 
of  Bath,  Cheitenham,  &c,  are  represented  by  sandstones  and 
grits.  The  sandstone,  shaly,  and  often  ferruginous  beds  of 
the  elevated  districts  rest  on  a  platform  of  lias,  which  sur- 
rounds them  in  a  semicircular  form  from  Redcar  on  the  coast, 
passing  round  near  Northallerton  and  Thirsk  to  New  Malton, 
and  thence,  still  continuing  in  a  narrow  band,  by  Pocklington 
and  Market  Weighton  to  the  Humber.  The  lias  is  also  exposed 
entirely  across  the  oolitic  district  from  Stokesley  on  the  east 
to  Whitby  on  the  coast.  The  river  Esk  flows  in  this  valley  of 
denudation,  which  is  also  traversed  by  a  great  basaltic  ,ke, 
extending  many  miles  inland  as  far  as  the  Durham  coal  field. 
Resting  in  order  on  those  divisions  which  correspond  with  the 
great  and  inferior  oolites  of  the  south,  is  a  mass  of  the  Oxford 
and  Kimmeridge  clay,  which  occupies  nearly  one  third  of  the 
whole  oolitic  district  of  Yorkshire.  These  two  divisions,  the 
Oxford  and  Kimmeridge  clay,  are  separated  hy  about  200  feet  in 
thickness  of  calcareous  and  coralline  grits,  which  do  not  occupy 
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much  breadth  on  the  surface,  but  which  are  remarkable  for 
the  occurrence  of  swallow  holes,  into  which  rivers  and  streams 
are  absorbed  and  disappear  for  some  miles  of  their  course. 

The  drainage  of  the  district  is  principally  effected  by  the  Esk 
and  the  Derwent,  and  by  tributaries  of  the  Ouse,  which  latter 
rise  from  the  escarpment  of  the  oolitic  hills,  and  flow  over  the 
lias.    The  Esk  flows  chiefly  through  the  lias,  and  is  fed  by 
numerous  springs  arising  from  the  high  Moorland  district  on 
each  side  of  it.  The  Derwent  lies  chiefly  in  the  Vale  of  Pickering, 
flowing  through  the  Kimmeridge  clay,  but  is  fed  by  numerous 
tributaries  from  the  Eastern  Moorlands  and  the  Howardian 
Hills,  which  flank  the   Vale   of  Pickering  on  three  sides. 
These  tributaries  flow  in  succession  over  the  great  oolite,  the 
Oxford  clay,  the  coral  rag,  and  the  Kimmeridge  clay,  in  the 
same  direction  as  the  dip  of  the  strata ;  aud  it  is  under  these 
circumstances  that  the  water  is  so  often  engulphed  in  swallow 
holes,  which  correspond  with  fissures  and  cavities  in  the  coral 
rag,  and  its  representative  grit-stone  beds.    Having  received 
all  its  principal  tributaries,  however,  in  the  Vale  of  Pickering, 
the  Derwent,  now  a  considerable  river,  breaks  through  the 
Howardian  Hills  in  a  direction  opposite  to  the  dip  of  the 
strata,  and  crosses  in  succession  the  coral  rag,  the  Oxford 
clay,  the  great  oolite,  the  lias,  and  the  new  red  sandstone. 

Few  towns  of  much  importance  are  situate  in  the  oolitic  dis- 
trict of  Yorkshire.  The  principal  arc  Whitby,  Scarborough, 
Pickering,  and  New  Malton.  These  would,  probably,  be  able 
to  derive  abundant  supplies  of  water  from  impounding  reser- 
voirs, constructed  across  the  deep  narrow  gorges  of  the  oolitic 
hills.  The  water  of  these  hills  not  being  so  highly  impreg- 
nated with  calcareous  ingredients,  is  very  superior  in  softness 
to  the  ordinary  water  of  oolitic  districts  in  England.  The 
Howardian  Hills,  the  Hambledon  Hills,  and  the  Eastern  Moor- 
lands of  Yorkshire  will,  probably,  become  of  much  importance 
in  future  years,  as  capable  of  yielding  supplies  of  water  lo 
towns  on  the  lias  and  new  red  sandstone  districts  lying  to  the 
eastward.  It  is  probable  that  the  rich  and  fertile  valleys  of  the 
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Onse  and  the  Tees  will  so  increase  in  population  as  to  require 
supplies  ot  water  from  these  Yorkshire  hills. 

THE    OOLITIC    DISTRICT    FROM    THE    HUMBER   TO  NEAR 

BATH. 

This  comprises  the  development  of  the  formation  in  the 
counties  of  Lincoln,  Leicester,  Rutland,  Northampton,  Hun- 
tingdon, Bedford,  Worcester,  Gloucester,  Oxford,  Bucking- 
ham, and  Wilts.  The  breadth  at  the  Humher  is  nearly  eight 
miles,  from  which  it  gradually  increases  in  a  southerly  direc- 
tion till,  at  Lynn,  the  breadth  of  the  formation  measured  across 
the  fens  of  Lincolnshire  to  its  western  boundary  near  Louoh-, 
borough,  is  not  less  than  seventy  miles.  In  this  breadth, 
however,  about  one  half,  consisting  of  the  Oxford  clav,  is 
covered  over  by  the  fens  of  Lincolnshire.  From  this  extreme 
development  the  breadth  somewhat  diminishes,  as  at  Oxford 
a  line  measured  across  the  district  at  right  angles  to  its  ima- 
ginary axis,  would  be  about  forty  miles.  From  Stratford-on- 
Avon  the  outline  of  the  lias  may  be  traced  all  the  way  to  Bath 
and  Bristol,  but  it  becomes  very  tortuous  in  Warwickshire, 
Worcester,  and  Gloucestershire,  jutting  out  in  many  irregular 
hills  and  isolated  prominences  into  the  new  red  sandstone 
country. 

The  upper  divisions  of  the  oolite  above  the  Oxford  clay,  are 
but  slightly  developed  in  all  this  extensive  tract.  The  Kimmer- 
idge  clay  is  of  inconsiderable  extent  in  all  the  northern  part, 
although  it  may  be  traced  continuously  under  the  green  sand 
from  the  Humber  into  Buckinghamshire,  where  it  attains  a 
breadth  of  several  miles  in  the  forest  of  Brenwood,  between 
Aylesbury  and  Oxford.  The  members  of  the  oolitic  series 
above  the  Kimmeridge  clay  are  so  little  developed,  as  not  to 
require  notice  in  a  hasty  sketch  of  this  kind. 

The  coral  rag  first  appears  a  little  north-east  of  Oxford,  and 
extends  in  a  narrow  zone  about  three  miles  wide,  by  Abingdon, 
Farringdon,  Highworth,  and  Wotton  Basset,  to  Chippenham 
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and  Calne,  soon  after  which  it  disappears.  The  Oxford  clay 
occupies  a  lenticular  space  between  the  Humber  and  Lincoln, 
where  the  fens  commence.  It  may  be  traced,  however,  on  the 
west  side  of  the  fens,  by  Sleaford  and  Bourne,  almost  down  to 
Peterborough,  and  doubtless  continues  beneath  the  fens  in  all 
the  eastern  part  of  Lincolnshire. 

South  of  Peterborough  the  Oxford  clay  expands  to  a  consi- 
derable breadth  in  Huntingdon  and  Bedfordshire,  except  where 
it,  is  denuded,  and  the  great  oolite  exposed,  in  the  valley  of  the 
Ouse  around  Bedford.  Between  Bedford  and  the  neighbour- 
hood of  Bath,  it  occupies  a  very  irregular  zone,  the  eastern 
side  of  which  is  much  encroached  on,  sometimes  by  the  over- 
lying Kimmeridge  clay,  and  sometimes  by  the  lower  green 
sand.  The  breadth  of  the  Oxford  clay  at  Huntingdon  is  more 
than  35  miles,  while  at  other  places,  as  in  the  neighbourhood 
of  Buckingham  and  Oxford,  it  is  not  more  than  two  miles 
wide. 

The  great  oolite  has  been  already  spoken  of  in  the  Eastern 
Moorlands  of  Yorkshire,  and  in  the  Howardian  and  Hambledon 
Hills.  South  of  the  Humber,  the  great  oolite,  with  its  subor- 
dinate beds  of  cornbrash  and  forest  marble,  everywhere  ac- 
companies and  passes  under  the  Oxford  clay.  North  of  Lin- 
coln, it  occupies  a  very  narrow  strip  of  country,  but  in  the 
south  of  Lincolnshire  it  expands  to  a  much  greater  width. 
This  width,  from  Bourne  in  Lincolnshire  to  Saltby  in  Leices- 
tershire, is  not  less  than  seventeen  miles;  three  of  which,  how- 
ever, are  occupied  by  the  denuded  valley  of  the  Witham, 
in  which  the  lower  oolite  and  the  lias  arc  exposed. 

In  Northamptonshire,  Bucks,  and  Wiltshire,  the  great 
oolite  is  much  developed,  but  has  a  very  irregular  boundary, 
frequently  capping  high  grounds  over  considerable  areas,  and 
surrounded  by  zones  of  lower  oolite  and  lias,  which  cut  it  off 
and  isolate  it  in  large  irregular  masses. 

South  of  Bath  the  great  oolite  is  only,  slighlly  developed. 
It  extends  in  a  narrow  strip,  by  Fromc  as  far  as  Bruton,  where 
it  begins  tu  occupy  a  greater  breadth,  and  spreads  out  in  Gil- 
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Iingham  Forest  and  Milborn  Forest  to  a  breadth  of  more 
than  ten  miles.  South  of  Bradford  Abbas  the  great  oolite 
becomes  extremely  narrow,  and  can  just  be  traced  by 
Beamister  and  Abbotsbury  as  far  as  Weymouth  Bay,  where 
it  appears  as  usual  underlying  the  Oxford  clay. 

The  fuller's-earth,  or  Frome  clay,  which  separates  the 
great  and  inferior  oolites,  is  scarcely  known  in  the  north  of 
England.  It  first  appears  in  the  neighbourhood  of  Winch- 
combe,  in  Gloucestershire,  where  it  encircles  several  small 
irregularly-shaped  conical  hills,  the  top  of  each  consisting  of 
the  great  oolite,  supported  in  a  shallow  basin  of  Frome  clay, 
or  fuller's  earth,  while  the  base  of  each  consists  of  the  lower 
oolite  and  lias. 

From  the  neighbourhood  of  Northleach,  under  the  Cottes- 
srold  hills,  to  Bradford,  Frome,  and  Bruton,  the  fuller's- 
sarth  may  be  traced  continuously  as  a  thin  retentive  motley- 
soloured  stratum,  everywhere  separating  the  two  great  free- 
stone members  of  the  oolite  formation.  This  comparatively 
larrow  strip  of  clay,  which  plays  an  important  part  in  the 
lydrography  of  the  oolitic  country,  continues  by  Bradford 
ibbas,  Beamister,  and  near  Bridport  to  the  coast  of  Dorset- 
shire at  Burton  Cliff.  Besides  this  continuous  wavy  line,  the 
Oiler's  earth  appears  in  all  the  outliers  on  the  western  side 
vhich  are  merely  separated  from  the  true  oolitic  country  by 
'alleys  of  denudation.  Thus  isolated  hills  in  the  neighbour- 
ed of  Northleach,  Stroud,  and  Bath,  are  all  encircled  by 
his  narrow  band  of  fuller's-earth,  which  commonly  causes 
rery  copious  springs  to  burst  out  from  the  lower  beds  of  tho 
uperincumbent  great  oolite.  There  are  no  less  than  four  hills 
a  the  neighbourhood  of  Bath  which  are  thus  encircled  by  the 
uller's-earth.  The  most  conspicuous  of  these  are  Lansdown 
nd  Clavcrton  Down.  The  fuller's-earth  formation  may  also 
*  traced  on  both  sides  of  tho  valleys  around  Bath,  every- 
where occupying  an  intermediate  position  between  the  inferior 
■nd  the  great  oolite,  and  presenting  a  broken  irregular  surf 
howing  abundant  traces  of  landslips  and  watery  action. 

f  2 


ace. 


100  T™5  JURASSIC 

The  inferior  oolite,  with  its  subordinate  sands,  is  chiefly 
developed  in  Northamptonshire,  Gloucestershire,  and  Dorset- 
shire. Its  boundary  is  extremely  irregular,  and,  like  the 
great  oolite,  it  caps  numerous  isolated  hills  where  it  rests  on 
a  base  of  lias,  or  other  clay. 

In  this  manner  it  caps  the  lias  in  the  neighbourhood  of 
Uppingham,  in  Butlandshire,  and  also  covers  a  considerable 
extent  of  lias  country,  extending  from  Market  Harborough  to 
Brackley,  in  Buckinghamshire.  It  appears  at  Northampton, 
Wellingborough,  and  Bothwell,  underlying  the  great  oolite 
which  here  forms  the  surface  of  the  country. 

The  inferior  oolite  appears  again  in  Campden  and  Bourton 
hills,  near  Evesham,  and  passes  through  Gloucestershire  by 
Winchcombe,  Northleach,  and  Painswick.    It  also  occurs  in 
Lansdown  and  other  hiUs  in  the  neighbourhood  of  Bath,  form- 
ing the  cap  of  Dundry  and  Stantonbury  hills.    South-west  of 
Frome  it  appears  in  the  platform  of  Doubting,  extending  by 
Bruton  and  Castle  Cary  to  Bradford  Abbas.    From  this  point 
it  increases  considerably  in  width,  and  extends  by  Crewkerne 
and  Bridport  to  the  coast  of  Dorsetshire.    The  inferior  oolite 
furnishes  a  famous  building  stone  of  a  quality  very  superior 
to  the  ordinary  Bath  oolite.    It  is  probable  that  the  quarries 
in  the  neighbourhood  of  Bath  first  acquired  their  reputation 
from  the  employment  of  the  lower  oolites,  which  arc  now 
extensively  replaced  by  beds  of  softer  and  more  perishable 
quality  from  the  great  oolite.    The  inferior  oolite  of  Dundry 
furnished  the  stone  for  building  the  beautiful  church  of  St. 
Mary  Kcdcliffe,  at  Bristol;  while  the  Doulting  stone,  near 
Shepton  Mallet,  was  used  in  Wells  Cathedral  and  Glaston- 
bury Abbey.    In  colour  it  is  yellower  than  the  great  oolite, 
the  oolitic  grains  arc  larger,  and  the  cement  which  unites 
them  stronger  and  more  crystalline. 

Tho  lias  formation  is  a  great  mass  of  clay  with  subordinate 
beds  of  limcstono  and  marlstone  which  commonly  underlies 
tho  inferior  oolite,  and  is  very  extensively  developed  in  Eng- 
land.   Thin  formation  may  be  traced  uninterruptedly  from. 
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the  coast  of  Yorkshire  at  Kedcar  and  Whitby,  to  that  of 
Dorsetshire  at  Lyme  Regis  and  Axniouth.  It  ranges  with  a 
very  variable  width  through  all  the  counties  lying  between 
these  extreme  points.  Its  greatest  breadth  is  probably  in  the 
neighbourhood  of  Towcester,  where  it  occupies  a  tract  nearly 
60  miles  in  width,  with  some  slight  interruption  by  patches 
of  the  inferior  oolite. 

The  oolitic  system,  like  the  cretaceous,  has  probably  at 
one  time  been  universal  or  nearly  so.  The  members  which 
compose  it  may  be  traced  either  in  an  entire  or  partial  series 
around  the  edges  of  the  three  great  chalk  basins  of  France, 
namely,  the  Anglo-Parisian,  the  Pyrenean,  and  the  Medi- 
terranean. We  find  oolitic  rocks  in  Spain,  Portugal,  Italy, 
Piedmont,  Switzerland,  Germany,  Luxemburg,  Swabia,  Wur- 
temburg,  Westphalia,  Saxony,  Bavaria,  &c.  They  exist  in 
Asia  Minor,  in  the  Crimea,  covering  a  great  extent  of  central 
Russia,  and  passing  thence  to  the  icy  sea  on  both  sides  of 
the  Ural  Mountains.  They  appear  in  Indiana,  North  Ame- 
rica ;  also  in  the  Cordilleras  of  Coquimbo,  in  Chili.  They 
have  been  recognised  in  the  mountains  of  Himalaya,  in  the 
East  Indies. 

These  distant  points  include  an  area  which  extends  in  the 
northern  hemisphere  over  60°  of  latitude,  and  in  the  southern 
hemisphere  from  the  torrid  zone  to  the  30th  degree.  The 
isolated  outposts  scattered  at  such  immense  distances  over 
the  surface  of  this  planet  prove  that  the  oolitic  formation  is 
not  a  partial  or  local  deposit,  but  that  it  has  spread  over  by 
far  the  greater  portion  of  the  earth's  surface.* 

Taking  a  general  stratigraphical  view  of  the  whole  oolitic 
series,  it  may  be  said  to  consist  of  four  great  masses  of 
calcareous  or  partially  permeable  strata  separated  by  thick 
deposits  of  clay.  Thus  the  Portland  oolites,  limestones,  and 
sands  repose  on  the  Kimmeridge  clay.  2ndly.  The  coral  rag 
and  calcareous  grits  of  Headington  rest  on  the  Oxford  clay. 
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Srdly.  Beneath  this  come  the  cornbrash  and  Bath,  or  great 
oolite,  resting  on  the  fuller's-earth.  Below  this,  again,  is  the 
inferior  oolite,  and  its  accompanying  sands  resting  on  the 
thick  mass  of  the  lias  clay. 

This  remarkable  alternate  succession  of  porous  and  imper- 
meable beds,  gives  rise  to  innumerable  springs  all  over  the 
oolitic  country ;  and  the  repetition  of  similar  beds  gives  rise 
to  similar  phenomena  from  the  top  to  the  bottom  of  the 
series.  Thus,  the  Kimmeridge  clay,  which  probably  varies 
in  thickness  from  70  to  600  or  700  feet,  throws  out  the  water 
which  sinks  through  the  porous  beds  of  Portland  stone  and 
sand.  Hence  in  sinking  wells  through  the  Portland  beds, 
which  are  usually  less  in  thickness  than  the  Kimmeridge 
clay,  water  will  commonly  be  met  with  at  no  very  consider- 
able depth ;  whilst  wells  sunk  in  the  clay  may  possibly  have 
to  penetrate  700  feet  before  deriving  any  water,  which  can 
only  arise  from  the  coral  rag  beneath.  The  Kimmeridge  clay 
is  usually  of  a  bluish  slate  colour,  and  frequently  contains 
beds  of  bituminous  coal.  Sometimes,  however,  the  colour 
approaches  more  to  that  of  grey,  and  is  sometimes  even 
yellowish  or  reddish  brown.  It  has  an  unctuous,  greasy 
feeling  when  rubbed,  and  has  frequently  a  fissile,  laminated 
appearance,  owing  to  the  presence  of  vegetable  matter. 

The  French  geologists  estimate  the  upper  division  of  the 
oolitic  series,  from  the  top  of  the  Portland  rock  to  the  base 
of  the  Kimmeridge  clay,  at  700  feet  in  thickness,  200  of 
which  they  assign  to  the  Portland  rock  and  sand,  and  500 
feet  to  the  Kimmcridgo  clay.  In  the  neighbourhood  of 
Weymouth,  the  Portland  stone  and  sand  are  each  about  80 
feet  in  thickness  ;  and  the  Kimmeridge  clay,  at  the  village 
of  Kimmcridgo  itself,  is  about  GOO  feet,  but  it  gradually 
becomes  thinner,  till  at  Oxford  it  is  reduced  to  70  feet. 

Dr.  Fitton  gives  the  following  thicknesses  : — Portland 
Stone— In  Portland  Island,  between  00  and  70  feet;  at 
Swindon,  GO  to  65  ;  at  Great  Eazely,  in  Oxfordshire,  27  feel  ; 
at  Brill,  about,  23  feet;  near  Quainton,  and  Whitchurch  iu 
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Buckinghamshire,  from  4  to  20  feet.  Portland  Sand — Near 
St.  Alban's  Head,  in  the  Isle  of  Purbeck,  120  to  140  feet ; 
in  the  Isle  of  Portland,  80  feet ;  near  Thame,  in  Oxfordshire, 
about  50  feet. 

According  to  Sir  Henry  de  la  Beche  and  the  Dean  of  West- 
minster, the  thickness  of  the  Kimmeridge  clay  in  the  bay 
from  which  it  takes  its  name  is  GOO  feet ;  hut  they  state  the 
thickness  at  Ringstead  to  be  only  300  feet.  Sir  Henry  de  la 
Beche  considers  the  general  thickness  in  the  south-west  of 
England  about  500  feet.  Dr.  Fitton  says  it  is  only  about  20 
feet  thick  in  one  of  the  Headington  quarries  near  Oxford. 

The  Portland  oolite  and  sand,  as  well  as  the  Kimmeridge 
clay,  are  marine  deposits,  in  which  littoral  shells  appear  to  be 
mixed  up  with  those  inhabiting  deeper  water.  Some  parts  of 
the  Kimmeridge  clay  contain  so  much  bitumen  as  to  inflame 
spontaneously,  and  continue  smouldering  for  long  periods. 
Some  of  the  bituminous  beds  are  used  for  fuel  in  the  neigh- 
bourhood of  Kimmeridge. 

Water  issues  abundantly  round  the  edges  of  the  Portland 
sand,  where  it  is  underlaid  by  the  Kimmeridge  clay.  In 
sinking  through  the  latter  the  small  quantity  of  water  which 
is  met  with  in  the  partings  is  usually  of  inferior  quality ;  and 
it  is  commonly  necessary  to  sink  through  the  whole  thickness 
of  the  Kimmeridge  clay  before  finding  an  abundant  supply 
of  good  water.  The  supply  for  Boulogne-sur-Mer  is  obtained 
from  springs  at  the  top  of  the  Kimmeridge  clay,  but  the 
quantity  is  miserably  deficient.  An  attempt  is  being  made  to 
procure  an  additional  quantity  by  sinking  in  the  clay.  This 
attempt  will  probably  fail,  although  the  cliffs  are  extremely 
wet,  owing  to  tbe  percolation  of  water  into  the  minute  sandy 
partings  of  the  clay. 

THE  COEAL  BAG  AND  OXFOED  CLAY. 

The  coral  rag  in  Wiltshire,  according  to  Mr.  Lonsdalo,  is 
230  feet  in  thickness.  On  the  coast,  near  Weymouth,  Sir 
H.  de  la  Beche  gives  the  thickness  at  150  feet.    Tkt  Oxford 
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clay  at  Weymouth  is  about  300  feet  in  thickness,  but  Sir  H. 
de  la  Beche  considers  the  general  thickness  in  England  about 
600  feet.  The  French  geologists  differ  considerably  from 
the  English  in  estimating  the  thickness  of  these  formations. 
They  assign  nearly  1,000  feet  to  the  Oxford  oolite  and  coral 
rag,  and  nearly  500  feet  to  the  Oxford  clay.* 

The  coral  rag  is  so  named  because  the  central  part  of  it 
consists  of  a  loose  rubbly  limestone,  which  is  almost  entirely 
composed  of  an  assemblage  of  branching  corals  belonging  to 
the  family  of  the  madrepores.  Above  this  central  coralline 
mass  are  beds  of  calcareous  freestone,  tolerably  close  in  tex- 
ture, frequently  very  indistinctly  oolitic,  but  sometimes  con- 
sisting of  such  large  oviform  grains  as  to  have  occasioned 
the  name  of  Pisolite  (pea  stone),  which  was  applied  to  it  by 
Mr.  Smith,  the  father  of  English  practical  geologists.  Below 
the  coralline  part  are  yellowish,  sandy,  calcareous  beds, 
traversed  by  irregular  strata,  and  concretions  of  indurated 
calcareo-siliceous  grit  stone. 

The  water  of  the  coral  rag  is  frequently  impregnated  with 
iron,  which  is  commonly  abundant  in  the  lower  sands  of  tbe 
series.  The  coral  rag  of  Westbury,  in  Wiltsbire,  has  been 
worked  for  iron  smelting  ever  since  18G0.  This  formation 
is  one  of  those  which,  owing  to  its  loose  incoherent  nature, 
and  to  the  fissures  which  traverse  it,  is  found  to  engulph  or 
swallow  up  the  streams  flowing  over  it,  especially  those 
whose  course  is  opposed  to  the  natural  dip  of  the  beds. 
Several  examples  of  tbis  may  be  seen  near  Hcadington  in 
Oxfordshire,  where  the  small  streams  which  flow  from  the 
surface  of  the  Kimnicridge  clay  towards  the  Chenvcll  are 
frequently  lost  in  passing  over  tbe  coral  rag. 

The  Oxford  clay  is  a  thick  mass  of  dark  blue  tenacious 
clay,  frequently  mixed  with  calcareous,  and  sometimes  with 
bituminous  matter,  and  abounding  m  places  with  septaria 
and  argillaceous  geodes,  traversed  by  veins  filled  with  carbo- 
nate of  lime.  Many  of  tho  beds  contain  sulphur  in  the  form 
*  D'Orbigny'a  Coiirs  Elumentaire. 
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of  iron  pyrites,  besides  sulphates  of  lime,  gypsum,  and  mag- 
nesia. These  mineral  ingredients  often  impregnate  the 
waters  of  this  formation  to  such  an  extent  as  to  render 
them  valuable  for  medicinal  purposes.  Some  of  these  waters 
are  purgative,  as  at  Stanfield,  in  Lincolnshire;  Kingscliff, 
Northamptonshire  ;  Cumner,  Berkshire  ;  Melksham  and  Holt, 
Wiltshire. 

The  water  of  Woodhall  Spa,  in  Lincolnshire,  which  is 
drawn  from  a  well  in  the  Oxford  clay,  is  strongly  impregnated 
with  iodine  and  bromine.  Chalybeate  and  other  mineral 
springs  occur  in  the  Oxford  clay  of  Wiltshire.  It  is  usually 
necessary  to  sink  a  considerable  depth  in  order  to  procure 
water  in  the  Oxford  clay.  A  well,  478  feet  in  depth,  has 
been  sunk  through  it  at  Boston,  in  Lincolnshire,  without 
obtaining  an  adequate  supply.  The  well  at  Woodhall  is  said 
to  be  840  feet  in  depth,*  having  been  sunk  as  an  attempt  to 
procure  coal.  A  brine  spring,  however,  was  met  with  at  a 
depth  of  500  feet,  and  this  is  the  one  which  contains  the 
iodine  and  bromine.  From  the  account  given  by  Dr.  Gran- 
ville of  the  strata  passed  through,  the  water  appears  to  come 
from  the  cornbrash  at  the  base  of  the  Oxford  clay. 

THE  GREAT  OOLITE  AND  FULLER's-EARTH. 

The  beds  ranked  by  geologists  under  this  name  vary  much 
in  composition  in  different  parts  of  the  oolitic  range.  The 
cornbrash,  however,  generally  appears  to  succeed  the  Oxford 
clay,  and  interpose  between  it  and  the  oolitic  beds,  from 
which  this  part  of  the  series  takes  its  name.  The  cornbrash 
is  a  loose  rubbly  limestone,  of  a  grey  or  bluish  colour  when 
broken,  but  on  the  outside  usually  brown  and  earthy.  It 
rises  when  quarried,  commonly  in  thin  beds,  and  is  seldom 
altogether  more  than  15  or  1G  feet  in  thickness.  The  great 
oolite,  in  Yorkshire,  consists  of  sandstones,  shales,  and  lime- 
stones, about  230  feet  in  thickness,  and  is  not  succeeded  here 
*  Granville  on  the  Spas  of  England. 
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by  fuller's-eartb,  but  by  a  mass  of  sandstones  and  shales  of 
280  feet,  which  separate  tbe  great  oolite  from  tbe  inferior 
oolite.  In  Lincolnsbire  tbe  cornbrasb  is  about  six  feet  tbiek. 
To  tbis  succeed  beds  of  clays,  sbales,  sbelly,  and  marly 
oolites,  and,  in  tbe  lower  part,  sands  wbicb  rest  on  tbe  inferior 
oolite.  Tbe  wbole  tbickness  of  tbe  great  oolite,  and  of  tbe 
sands  wbicb  correspond  witb  tbe  fuller's-eartb,  is  not  more  in 
Lincolnsbire,  according  to  Mr.  Morris,  tban  about  116  feet, 
wbile,  in  Yorksbire,  tbe  tbickness  is  more  tban  500  feet. 

In  tbe  soutb-west  of  England,  as  in  tbe  neigbbourbood  of 
Batb  and  Frome,  tbe  cornbrasb  is  succeeded  by  sands,  and 
by  beds  termed  forest  marble,  wbicb  are  sometimes  100  feet 
in  tbickness.  Tben  comes  tbe  Bradford  clay,  40  to  GO  feet; 
tben  tbe  great  oolite,  40  to  120  feet,  and  below  tbis  tbe 
fuller's-eartb,  wbicb  at  places  is  130  feet  tbick,  and  at 
otbers,  tbins  out  almost  to  notbing.  Tbe  great  oolite  and 
fuller's-eartb  together,  in  tbe  soutb-west  of  England,  vary 
from  80  to  410  feet.*  Tbe  French  geologists  assign  a  much 
greater  tbickness  to  tbis  part  of  the  oolitic  series.  They 
estimate  the  Callovien  formation,  which  corresponds  with 
the  lower  part  of  our  Oxford  clay,  and  with  the  Eelloway 
rock,  at  500  feet.  To  tbe  Bathonien  formation,  which 
corresponds  with  our  cornbrasb  and  great  oolite,  they  assign 
a  thickness  of  200  feet.  The  fuller's-eartb  (terre  a  foidoii) 
ranks  with  them  as  a  member  of  tbe  Bajocicn  formation, 
which  comprises  also  the  inferior  oolite,  having  a  total  thick- 
ness of  200  feet.  The  Bradford  clay  where  it  occurs  overlies 
the  great  oolite,  but  is  commonly  wanting,  except  in  the 
neighbourhood  of  Bradford,  on  both  sides  of  which  it  thins  out. 

The  great  oolite,  so  well  known  from  tbe  large  quarries  at 
Box,  Farley  Down,  Bradford,  and  Comb  Down,  consists  at 
top  and  bottom  of  shelly,  rubbly  oolites,  enclosing  a  central 
mass  of  fine-grained  oolitic  freestone,  varying  from  10  to  30 
feet  in  thickness.    It  is  this  freestone  which  is  so  extensively 

*  Morris  on  the  Lincolnshire  Oolites.  Geological  Journal  vol.  ix. 
p.  :J17. 
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worked  in  the  neighbourhood  of  Bath,  but  its  quality  is  by 
no  means  equal  to  that  of  the  lower  oolite,  which  has  a  much 
tougher  and  more  crystalline  structure. 

The  same  general  rule  which  has  been  before  alluded  to, 
as  to  the  occurrence  of  water  on  the  surface  of  clays  under- 
lying permeable  rocks,  applies  to  this  part  of  the  oolitic 
series.  Where  clays  support  the  cornbrash  and  separate  it 
from  the  great  oolite,  springs  of  water  are  found  and  water 
is  easily  procured  from  wells.  The  fuller's-earth  again  throws 
out  the  water  which  sinks  through  the  great  oolite,  in  which 
the  wells  are  commonly  of  considerable  depth. 

The  cornbrash,  like  the  coral  rag,  is  remarkable  for  ab- 
sorbing the  water  of  streams  which  flow  over  it.  Messrs. 
Gonybeare  and  Phillips  observe,  that  about  30  swallow  holes 
niav  be  noticed  in  the  space  of  half  a  mile  around  Hinton, 
in  the  sandy  cornbrash  of  Somersetshire.  A  similar  pheno- 
ineD  m  occurs  to  various  branches  of  the  Rye  about  Kirby 
Moorside,  and  Helmsby  in  Yorkshire. 

The  springs  which  break  out  from  the  fuller's-earth  where 
this  passes  under  the  great  oolite  are  usually  very  copious. 
Those  springs  are  very  abundant  in  the  town  of  Frome  and 
the  adjacent  valleys  It  must  not  be  supposed  that  the  mass 
to  which  the  name  of  fuller's-earth  has  been  given  consists 
entirely  of  this  peculiar  substance.  At  Bath,  and  in  the 
neighbourhood  of  Frome,  where  the  fuller's-earth  formation 
is  best  developed,  the  upper  part  consists  of  30  to  40  feet  of 
blue  and  yellow  clay,  then  5  to  8  feet  of  true  fuller's-earth, 
succeeded  by  100  feet  of  brownish  clay,  frequently  inclosing 
beds  of  tough  rubbly  limestone,  called  the  fuller's-earth  rock. 

The  town  of  Cirencester  is  supplied  chiefly  from  wells 
sunk  into  a  gravel  bed  resting  partly  on  the  great  oolite 
and  partly  on  fuller's-earth.  The  deeper  wells  sunk  into 
the  fuller's-earth  yield  very  copious  supplies  of  water.  The 
engine  for  supplying  the  summit  level  of  the  Thames  and 
Severn  Canal  pumps  more  than  three  million  gallons  per  day 
from  a  well  in  the  fuller's  earth. 
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In  all  the  deep  valleys  in  the  oolitic  range  such  as  those 
of  Cirencester,  Stroud,  and  Bradford,  immense  volumes  of 
water  are  thrown  out  by  the  fuller's-earth,  many  of  the 
springs,  like  those  at  Boxwell  and  Ampney  Cruris,  near 
Cirencester,  yielding  several  million  gallons  a  day. 

INFERIOR  OOLITE  AND  LIAS. 

In  Yorkshire  the  inferior  oolite  is  about  80  feet  in  thick- 
ness ;  in  Lincolnshire,  20  to  50  feet ;  and  in  the  West  of 
England,  in  tbe  neighbourhood  of  Bath  and  Cheltenham, 
130  to  230  feet.  Mr.  Lonsdale  gives  130  feet  as  the  general 
thickness  in  the  hills  around  Bath,  and  observes  that  the 
upper  60  feet  consist  of  limestone,  having  a  distinctly  oolitic 
character,  while  the  lower  70  feet  consist  chiefly  of  sand, 
.lightly  calcareous,  with  irregular  concretions  and  courses 
of  limestone.  In  the  Cotteswold  hills,  near  Cheltenham  and 
Leckhampton,  the  upper  portion  consists  of  sandy  beds,  the 
middle  of  good  freestone  of  a  yellowish  white  colour,  and  the 
lower  bed  is  a  pisolitic  rock  composed  of  rounded  or  flattened 
grains  about  the  size  of  a  pea,  cemented  by  a  calcareous 
paste. 

The  lias  consists  usually  of  three  principal  divisions, 
namely,  the  upper  marls  and  shales,  the  marl-stone  or  blue 
lias  rock,  and  the  lower  lias  marls.  The  thickness  of  the 
lias  in  England  varies  in  different  places,  and  according  to 
different  authorities  from  400  to  600  feet,  and  in  Leckhamp- 
ton Hill,  in  Gloucestershire,  the  late  Mr.  Strickland  estimated 
the  thickness  of  the  three  members  composing  the  lias  at  750 
feet.  In  tbo  neighbourhood  of  Bath,  according  to  Mr.  Lons- 
dale, the  whole  thickness  of  the  lias  is  under  300  feet.  Among 
the  French  geologists  the  Bajocien  formation,  which  includ<  a 
the  fuller's-earth  and  inferior  oolite,  is  estimated  at  about 
200  feet,  while  the  united  thickness  of  the  three  members  of 
the  lias,  namely,  the  Toarcien,  the  Liaaien,  and  the  SinS- 
murien  stages  are  estimated  at  nearly  2,000  feot. 
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The  French  geologists  consider  the  whole  thickness  of  the 
oolitic  series  from  the  top  of  the  Portland  rock  to  the  hase  of 
the  lower  lias  shales  to  he  nearly  5,100  feet. 

The  lias  throws  out  springs  at  its  junction  with  the 
inferior  oolite,  just  in  the  same  manner  as  the  fuller's-earth 
does  where  it  underlies  the  great  oolite.  These  springs  arc 
very  copious  in  the  Mendip  district,  where  the  inferior  oolite 
rests  sometimes  on  lias,  but  often  overlaps  the  edges  of  the 
latter,  and  reposes  on  the  highly  inclined  strata  of  moun- 
tain limestone,  which  flank  the  Mendip  range.  The  towns 
of  Gloucester  and  Cheltenham  both  derive  their  supply  of 
water  from  springs  which  rise  at  the  base  of  the  inferior 
oolite,  where  they  are  held  up  by  the  lias.  Shepton  Mallet 
and  other  smaller  towns  in  Somersetshire  are  supplied  in  the 
same  way  by  streams  of  running  water,  which  have  their 
origin  from  springs  arising  in  this  manner. 

The  mineral  waters  of  Bath  are  derived  from  springs  thrown 
out  by  the  lias,  while  those  of  Cheltenham  and  Gloucester 
are  drawn  from  wells  sunk  in  the  lias.  Cheltenham  and  Glou- 
cester spas  contain  a  large  proportion  of  the  muriates  and 
sulphates  of  soda,  while  the  Bath  water  contains  a  very  small 
quantity  of  the  salts  of  soda,  but  a  notable  proportion  of 
sulphate  of  lime.  The  Gloucester  and  Cheltenham  waters 
also  contain  a  grain  of  bromine  in  6  to  10  gallons  of  water, 
while  the  presence  of  this  substance  has  not  been  noticed  in 
any  analysis  of  the  Bath  water.  The  thermal  springs  in  Bath 
vary  in  temperature  from  80°  to  120°  Fah. 

The  principal  places  situated  on  the  oolitic  formation 
in  England  are  Whitby,  Scarborough,  Malton,  and  Market 
Wcighton,  in  Yorkshire  ;  Lincoln,  Sleaford,  Grantham, 
Bourne,  and  a  few  smaller  towns  in  Lincolnshire.  Proceed- 
ing southward,  the  following  towns  are  also  on  this  forma- 
tion :— Oakham,  Stamford,  Peterborough,  Uppingham,  Mar- 
ket Harborough,  Huntingdon,  Higham  Ferrers,  Northampton, 
Bedford,  Evesham,  Banbury,  Buckingham,  Oxford,  Witney, 
Stroud,  Tewkesbury,  Cheltenham,  Gloucester,  Cirencester, 
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Faii-ford,  Lecblade,  Faringdon,  Abingdon,  Highworth,  Crick- 
lade,  Calne,  Malmesbury,  Cbippenbani,  Bath,  Melksbam, 
Bradford,  Trowbridge,  Frorne,  Sbepton  Mallet,  Bruton, 
Glastonbury,  Sherborne,  Yeovil,  Ilminster,  Crewkerne,  Ax- 
minster,  Axmoutb,  Cbarmoutb,  Bridport,  and  Weymouth. 


THE  TRIAS  AND  PERMIAN  GROUPS. 

Tbis  is  the  nomenclature  now  commonly  adopted  by  Eng- 
lish geologists  for  the  old  names  of  new  red  sandstone  and 
the  magriesian  limestone  on  which  it  rests.  Tbe  trias  group 
consists  in  the  upper  part  of  variegated  red,  white,  and  blue 
marls  and  clays,  frequently  abounding  in  gypsum  and  selenite, 
while  the  lower  part  consists  usually  of  red  clays  and  sand- 
stones, being  generally  much  more  arenaceous  than  the  upper 
or  gypseous  beds.  Tbe  Permian  group  consists  of  dolomitic, 
or  magnesian  limestones,  and,  in  its  lower  portion,  of  sand- 
stones^ conglomerates,  and  beds  of  indurated  and  cemented 
pebbles  or  pudding  stones. 

Tbe  eastern  boundary  of  the  trias  group  may  be  traced  in 
something  like  a  continuous  line  from  the  mouth  of  tbe  Tees 
in  Durham  to  the  English  Channel  in  Teignmoutb  Bay,  but 
it  is  far  otherwise  with  the  western  limits  of  this  great  forma- 
tion.   The  trias  and  tbe  Permian  groups  form  tbe  last  or 
lowest  in  a  stratigraphical  sense,  of  those  formations  which 
appear  to  have  been  deposited  in  regular,  concentric,  and 
parallel  layers,  one  over  tbe  other.   It  is  true  that  frequently 
one  member  of  tbe  scries  above  the  new  red  sandstone  over- 
laps the  edges  of  another,  or  perhaps  several  of  those  beneath 
it,  so  tbat  tbe  order  of  succession  is  found  to  have  gaps  m 
which  certain  strata  are  wanting.    Thus,  tbe  lower  members 
of  tbe  cretaceous  series  are  frequently  found  to  overlap 
several  of  tbe  upper  members  of  the  oolitic  series,  so  tbat 
the  latter  do  not  appear  at  tbe  surface  at  all ;  and  tbe  forma- 
tion No.  2,  for  instance,  is  found  to  be  in  contact  witb,  and 
immediately  reposing  on  No.  5,  tbe  intermediate  members 
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3  and  4  being  wanting.  Notwithstanding  this  peculiarity, 
which  is  chiefly  due  to  what  is  called  the  thinning  out  of 
particular  formations,  there  is  a  general  order  of  super- 
position, and  a  general  parallelism  of  dip,  throughout  all  the 
formations  we  have  been  considering,  and  this  parallelism 
extends  to  the  base  of  the  Permian  series.  This  parallelism, 
termed  by  geologists  the  conformability  of  strata,  indicates 
that  during  the  vast  intervals  of  time  which  the  Permian  and 
the  superior  groups  have  required  for  their  deposit,  no  very 
striking  elevatory  movements  of  the  earth's  surface  have  taken 
place  ;  and,  at  all  events,  that  no  very  important  movement 
has  taken  place  in  the  interval  between  the  completion  of  one 
formation  and  the  deposit  of  the  next  succeeding  one. 

But  when  we  look  beneath  the  Permian  formation,  we  find 
a  widely  different  state  of  things.  We  find  that  movements 
in  the  crust  of  the  earth,  on  a  scale  almost  too  vast  for  com- 
prehension, must  have  taken  place  between  the  deposit  of 
the  palaeozoic,  or  first-formed  rocks,  and  the  commencement 
of  that  great  parallel  series  which  commences  with  the  Per- 
mian group.  In  the  language  of  geology,  Ave  find  the  meso- 
zoic  or  middle-life  series  of  rocks,  resting  unconformably  on 
the  palaeozoic  or  early-life  series.  Sometimes  the  trias  or  the 
Permian  group  rests  upon  granite  or  syenite,  as  on  the  flanks 
of  the  Malvern  Hills  ;  sometimes  it  rests  on  carboniferous 
limestone,  or  other  members  of  the  great  coal  series ;  some- 
times on  the  old  red  sandstone  ;  and  sometimes  on  the  still 
more  ancient  rocks  of  the  silurian  series.  Whatever  forma- 
tion it  rests  on,  however,  the  stratification  of  the  older  group 
is  never  conformable,  or  parallel  with  that  of  the  newer.  The 
beds  of  the  trias  and  Permian  group  in  England  are  usually 
horizontal,  while  the  older  rocks  on  which  they  rest  are  com- 
monly inclined  at  high  angles,  and  are  sometimes  nearly 
vortical.  This  remarkable  absence  of  parallelism  shows  that 
in  the  interval  between  the  close  of  the  palaeozoic  and  the 
commencement  of  the  mcsozoic  period,  immense  subterranean 
forces  must  have  been  at  work  to  overthrow  and  break  up  the 
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solid  crust  of  the  earth,  and  that  these  forces  had  generally 
ceased  to  act  before  the  mesozoic  deposits  commenced. 

The  vast  plains  of  new  red  sandstone  and  magnesian  lime- 
stone which  cover  so  great  a  portion  of  this  island,  have  been 
compared  to  the  figure  of  a  sea  composed  of  horizontal  beds 
of  red  marls,  sands,  and  sandstones,  surrounding  elevated 
islands  of  carboniferous  rocks,  old  red  sandstone,  Silurian 
rocks  and  others,  all  variously  and  irregularly  stratified* 

These  plains  commence  north  of  Carlisle  and  Sunderland, 
on  the  opposite  sides  of  England,  and  skirt  the  elevated 
mountain  district  of  Durham,  "Westmoreland,  Yorkshire,  Lan- 
cashire and  Derbyshire,  as  far  south  as  Nottingham  and 
Newcastle-under-Lyne,  between  which  places  they  border 
the  elevated  district  of  Staffordshire  and  Derbyshire.  The 
extreme  horse-shoe  boundary  of  the  mountain  district  thus 
skirted  by  the  Permian  and  trias  groups  from  Tynemouth 
round  by  Nottingham  and  Newcastle-under-Lyne,  and  thence 
northward  to  Newcastle-upon-Tyne  is  not  less  than  350 
miles.    On  the  east  side  the  breadth  of  the  plains  will,  pro- 
bably, not  average  less  than  18  miles,  while  on  the  west  side 
the  breadth  is  seldom  more  than  3  miles,  except  in  the  plains 
of  Cheshire,  and  in  the  valley  of  the  Eden,  near  Carlisle. 

Throughout  the  whole  of  this  extensive  boundary  of  the 
palaeozoic  rocks  the  magnesian  limestone  underlies  the  new 
red  sandstone,  except  in  the  southern  part  from  Newcastle- 
under-Lyne  to  Nottingham,  and  in  a  part  of  Lancashire 
between  Ulverstone  and  Preston,  where  the  magnesian  lime- 
stone has  not  been  observed.    The  principal  development  of 
the  Permian  group  extends  on  the  eastern  side  of  the  moun- 
tain district  from  the  mouth  of  the  Tyno  to  Nottingham,  a 
length  of  about  150  miles.    Throughout  this  extent  it  oc- 
cupies a  somewhat  depressed  range  of  hills  resting  on  the 
coal  measures  of  the  Durham,  Yorkshire,  and  Derbyshire 
coal  fields.    The  average  breadth  of  this  tract  of  magnesian 
limestone  on  the  surface  does  not  exceed  3  miles,  but  it 
*  Conybcnro  and  Phillips. 
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famishes  abundant  supplies  of  excellent  lime  in  the  neigh- 
bourhood of  Knaresborough,  Knottingley,  and  other  places  in 
Yorkshire.  In  Derbyshire  are  the  famous  quarries  of  Bol- 
sover  Moor,  Anstone,  and  other  places,  which  have  sup- 
plied the  stone  for  the  New  Houses  of  Parliament,  and  for 
many  ancient  and  celebrated  edifices  all  over  the  north  of 
England. 

The  magnesian  limestone  in  its  chemical  composition  con- 
sists of  nearly  equal  proportions  of  carbonate  of  lime  and 
carbonate  of  magnesia,  and  has  commonly  a  more  granular 
and  sandy  structure  than  common  limestone.  The  varieties 
which  make  such  excellent  lime  at  Knottingley,  Kinnersley, 
and  Brotherston,  are  usually  hard,  bluish-white,  thin  bedded 
limestones,  while  the  best  building  stones  of  the  formation 
are  usually  buff-coloured  or  yellowish  freestones,  which  dry 
to  an  almost  white  colour  when  they  lose  the  quarry  water. 
In  the  neighbourhood  of  Nottingham  the  Permian  formation 
contains  thick  beds  of  quartz  gravel.  Throughout  the 
western  part  of  its  range  the  magnesian  limestone  from 
Preston  by  Manchester,  Stockport,  and  Cheadle,  is  seldom 
more  than  a  mile  in  width,  but  in  the  valley  of  the  Eden  its 
breadth  is  about  3  miles. 

The  trias  formation  occupies  the  space  between  the  mag- 
nesian limestone  and  the  lias  on  the  eastern  side  of  the 
island,  while  on  the  western  side,  between  Liverpool  and 
Carlisle,  it  occupies  the  space  between  the  sea  and  the  mag- 
nesian limestone,  or  the  older  rocks  where  this  is  wanting. 

In  Cheshire  and  Salop,  the  trias  or  new  red  sandstone 
occupies  an  extensive  and  regular  plain  of  about  50  miles 
from  north  to  south,  and  about  25  miles  in  breadth,  inter- 
rupted only  by  a  patch  of  lias  which  exists  in  the  neighbour- 
hood of  Wem, 

South  of  the  Trent,  the  great  plain  of  the  trias  consists 
of  a  triangular  area  in  the  counties  of  Stafford,  Leicester, 
Worcester,  and  Warwick.  The  base  of  the  triangle  from 
Leicester  to  the  Shropshire  coal  field  is  about  55  miles,  and 
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its  length,  from  the  base  to  the  apex,  at  NewiJiam,  in  Glou- 
cestershire, about  75  miles.    The  eastern  boundary  of  this 
triangular  district  is  new  red  sandstone  underlying  the  lias, 
and  the  western  boundary  is  a  narrow  strip  of  the  Permian 
rocks,  averaging  about  two  miles  wide,  either  resting  or 
abutting  on  the  coal  measures  of  the  Shropshire  and  Cole- 
brook  Dale  coal  fields,  or  the  syenitic  rocks  of  Malvern,  or 
the  Silurians  of  Micheldean  and  Newent.    In  the  midst  of 
this  great  triangular  plain  of  new  red  sandstone  are  three 
islands,  in  which  the  older  rocks  are  protruded  through  the 
surface  and  occupy  a  considerable  area.  One  of  these  islands 
consists  of  the  elevated  syenitic  district  of  Charnwood  forest,  . 
and  the  coal  field  of  Ashby -  de -la- Zouch,  near  Leicester. 
Another  is  formed  by  the  syenitic  hills  of  Nuneaton  and  the 
small  coal  field  which  flanks  them  on  the  western  side.  The 
third  island  consists  of  the  Staffordshire  coal  field,  between 
Birmingham  and  Wolverhampton,  with  its  remarkable  accom- 
panying trappean  and  silurian  rocks  in  the  neighbourhood  of 
Dudley.    A  patch  of  magnesian  limestone  appears  on  the 
western  side  of  the  Tamworth  coal  field,  and  a  similar  zone 
entirely  surrounds  the  Staffordshire  coal  field,  being  usually 
faulted  against  the  coal  measures,  not  resting  on  them  as  in 
the  north  of  England  and  in  the  south-west. 

The  new  red  sandstone  throughout  this  great  triangular 
area  has  the  usual  typical  characters  of  the  formal  ion  ;  the 
upper  beds  being  the  most  argillaceous,  and  containing  in 
places  large  quantities  of  gypsum.  The  variegated  colours 
arc  chiefly  peculiar  also  to  the  upper  beds.  The  more  arena- 
ceous beds,  and  those  which  become  indurated  into  stone, 
as  distinguished  from  tho  upper  marls  and  clays,  are  usually 
the  lower  beds  of  the  series,  and  these  are  generally  either 
red,  or,  more  rarely,  buff  coloured. 

Occupying  a  narrow  gorge  in  tho  valley  of  the  Severn  at 
Nownham,  tho  new  red  sandstone  passes  through  CHouc<  s- 
torshire,  Somersetshire,  and  Devonshire,  to  the  sea  coast  to 
Teignmoutb  Bay.    It  is  usually  accompanied  by  its  under- 
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Iving  beds  of  magnesiau  liraestone,  which  in  the  south-west 
is  coinnionty  a  hard  conglomerate  or  breccia,  containing 
angular  fragments  of  carboniferous  limestone  and  old  red 
sandstone.  As  in  the  northern  parts  of  England  the  trias 
and  Permian  formations  surround  the  older  elevated  coal 
fields  in  the  neighbourhood  of  Bristol.  In  the  same  manner 
they  mantle  round  the  Mendip  Hills  and  overlap  the  edges  of 
the  old  red  and  carboniferous  limestone  oi  Devonshire  and 
Somersetshire.  The  mode  in  which  fragments  and  masses 
of  magnesiau  conglomerate  hang  on  the  sides  of  the  older 
rocks  in  the  neighbourhood  of  Bristol,  and  in  the  deep  pic- 
turesque valleys  of  the  Mendip  Hills,  is  highly  suggestive  of 
speculation.  One  sees  in  imagination  that  ancient  sea  filled 
with  the  huge  detritus  from  disrupted  mountains  of  lime- 
stone, millstone  grit,  and  old  red  sandstone.  One  connects 
the  broken  truncated  fragments  which  hang  on  the  precipitous 
side  of  a  valley  with  those  which  appear  on  the  opposito 
side,  and  marvels  at  the  mighty  agencies  which  have  thus 
in  succession  formed  and  broken  up,  and  again  and  again 
repaired  the  shattered  surface  of  this  planet.  Great  and 
infinite  are  the  wonders  revealed  by  geology  ! 

The  trias  formation  is  largely  developed  both  on  the  con- 
tinent of  Europe  and  in  those  of  America.  It  exhibits  itself 
in  the  Pyrenees,  in  the  Var,  on  both  slopes  of  the  Vosges, 
and  in  Normandy.  In  other  parts  of  Europe  the  new  red 
sandstone  is  represented  in  Germany,  Belgium,  Switzerland, 
Sardinia,  Spain,  Poland,  Bohemia,  Moravia,  and  Russia.  Beds 
of  it  appear  in  the  United  States  of  America,  and  cover  vast 
surfaces  in  the  republic  of  Bolivia  in  South  America.  They 
have  been  traced  in  Columbia  and  in  Mexico,  and  may  be 
said  to  extend  from  20°  of  south  latitude  to  48°  north. 

The  Permian  formation  has  a  still  more  extensive  range, 
and  is  said  to  have  been  identified  by  means  of  its  fossils  as 
far  north  as  Spitzbergen,  in  the  80th  degree  of  north  latitude. 
It  derives  its  name  from  the  government  of  Perm  in  Russia, 
whore  the  formation  is  largely  developed. 
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Neither  the  trias  nor  the  Permian  groups  rise  in  this 
country  into  escarpments,  nor  do  they  present  that  regular 
dip  which  distinguishes  the  more  recent  formations,  and  hence 
it  is  that  measures  of  absolute  thickness  are  difficult  to  obtain. 
Nor  are  such  measures  of  much  value  in  formations  of  this 
kind,  as  the  depth  of  sinking  required  to  penetrate  through 
them  will  vary  greatly  in  different  localities,  and  the  geolo- 
gist's measure  of  thickness  will  throw  very  little  light  on 
this  practical  part  of  the  question. 

Messrs.  Conybeare  and  Phillips  quote  several  instances  of 
pits  sunk  from  600  to  720  feet  through  the  new  red  sand- 
stone without  reaching  the  bottom.    Two  of  these  sinkings 
were  in  the  county  of  Durham,  and  one  at  Evesham,  in  Glou- 
cestershire.   They  also  observe  that  in  shafts  sunk  from  the 
lias  down  to  the  coal  measures  at  Pucklechurch,  in  Glouces- 
tershire, the  trias  and  Permian  groups  together  were  not 
more  than  153  feet  in  thickness.    In  fact,  in  the  south- 
west of  England  where  the  new  red  sandstone  is  spread  out 
over  the  upturned  edges  of  the  carboniferous  rocks,  there 
are  many  places  where  it  thins  out  to  only  a  few  feet  of 
thickness. 

Mr  Binney*  estimates  the  thickness  of  the  red  and  varie- 
gated marls  and  sandstones  of  Cheshire  at  nearly  2,000  feet. 

Messrs.  Conybeare  and  Phillips  state  the  average  thickness 
of  the  Permian  and  trias  groups  together,  in  the  south-west 
of  England,  at  about  200  feet. 

The  Permian  series  is  also  exceedingly  variable  in  thick- 
ness In  Derbyshire  the  thickness  is  given  at  about  300  feet 
by  Messrs.  Conybeare  and  Phillips,  while  they  observe  that 
in  Glamorganshire  the  thickness  varies  in  contiguous  cliffs 
from  30  inches  to  as  many  feet. 

M  D'Orbigny  estimates  the  entire  thickness  of  the  trias 
group  at  about  2,360  feet ;  and  that  of  the  Permian  at  from 
1,600  to  3,3()()  feet. 

The  surface  of  the  new  red  sandstone  is  perhaps  more 
•  Proceedings  of  Geological  Society,  vol.  ii.  p.  12. 
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covered  than  that  of  any  other  formation  with  gravel  and 
other  detritus,  which  is  sometimes  porous,  and  at  other 
places  impermeable  to  water.  Professor  Sedgwick  describes 
the  new  red  sandstone  surface  in  the  valley  of  the  Eden, 
"  as  buried  for  miles  together  under  great  heaps  of  old 
alluvial  detritus." 

Where  wells  are  sunk  into  the  gravel  lying  on  the  stiff 
clays  and  marls  of  the  upper  new  red  sandstone,  an  abundant 
supply  of  water  is  commonly  procured  in  domestic  wells 
from  the  land  springs  which  are  sure  to  be  met  with  in 
such  situations.  These  supplies,  however,  are  generally 
quite  inadequate  for  a  town  of  any  considerable  size.  In 
deeper  sinkings  into  the  variegated  clays  and  marls  of  this 
formation  wells  have  to  be  sunk  a  great  depth,  namely,  clown 
to  the  sand  or  sandstone  beds,  in  order  to  produce  any  large 
quantity  of  water.  Nearly  all  the  principal  towns  which 
have  procured  large  supplies  by  sinking  in  the  new  red 
sandstone,  as  Manchester,  Liverpool,  Nottingham,  &c,  are 
situate  on  the  arenaceous  part  of  the  formation,  which  is 
much  more  absorbent  of  water  than  the  superior  clayey  and 
marly  portions. 

The  new  red  sandstone  of  Cheshire  and  Lancashire  may 
be  separated  into  three  principal  divisions.  According  to 
Mr.  Ormerod,*  we  have,  in  descending  order — 


The  sali  ferous  and  gypseous  beds  of  Church  Law- 
ton,  near  Congleton   6-19 

The  corresponding  beds  at  Northwich  and  Mid- 

dlowich   S08 


1457 


Take  the  mean  of  these,  or   700 

Waterstone  beds   400 

Sandstone  beds  corresponding  with  the  Buntcr  Sand- 
stein  of  continental  geologists   GOO 

Total   1700 


*  On  the  salt  field  of  Cheshire.— Proceedings  of  the  Geological 
Society,  vol.  iv.  p.  262. 
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The  depth  of  the  heds  has  heen  well  ascertained  in  Cheshire, 
in  consequence  of  the  numerous  sinkings  for  rock  salt  and 
brine  springs.  Mr.  Orruerod  observes  that  all  the  above 
thicknesses  are  probably  understated. 

The  saliferous  marls  of  Cheshire,  Staffordshire,  and  Wor- 
cestershire form  a  very  interesting  portion  of  the  trias 
group.  The  whole  of  the  new  red  sandstone  district  is  so 
much  intersected  by  faults,  that  the  depths  both  of  the  rock 
salt  and  of  the  brine  springs  present  great  anomalies. 

The  thickness  of  unproductive  gypseous  marls,  and  clays 
overlying  the  salt  measures,  is  frequently  as  much  as  300, 
and,  in  some  places,  even  450  feet.  The  brine  springs 
commonly  rise  in  the  shafts  to  a  much  greater  height,  often 
100  feet  higher  than  that  at  which  they  are  first  tapped. 

At  Middlewich,  which  appears  to  be  the  centre  and  focus 
of  the  salt-producing  district,  the  first  brine  spring  is  met 
with  below  a  layer  of  black  gravel  about  9  inches  in  thick- 
ness, between  two  horizontal  beds  of  indurated  clay  or  rock 
at  a  depth  of  about  78  feet  from  the  surface.    This  brine 
spring  rises  to  the  height  of  18  feet  from  the  surface.  Two 
other  brine  springs  arc  met  with  at  Middlewich  at  depths  of 
126  and  144  feet.    The  brine  springs  of  Middlewich  contain 
from  38  to  42  ounces  of  salt  in  each  gallon.    The  Stafford- 
shire brine  springs  in  the  neighbourhood  of  Ingestrie,  near 
Stafford,  contain  about  34  ounces  per  gallon.    The  Stafford- 
shire salt  bed,  although  separated  from  the  Cheshire  by  the 
North  Staffordshire  coal  field,  and  by  a  tract  of  the  lower 
sandstone,  occurs  like  the  Cheshire,  beneath  about  300  feet 
of  red  and  gypseous  marls.    There  arc  numerous  mineral 
springs  of  medicinal  water  in  (lie  new  red  sandstone  district, 
the  most,  celebrated  of  which  are  those  of  Hartlepool,  Croft, 
Harrogate,  and  Askern,  in  tho  North  of  England.    In  tho 
southern  and  midland  counties,  mineral  springs  occur  at 
Leamington,  Tewkesbury,  Ashby-dc-la-Zouch,  &c.    Most  of 
these  contain  large  quantities  of  common  salt,  together  with 
the  muriate  of  magnesia  and  other  purgative  salts. 
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The  Permian  group,  as  described  by  Mr.  Binney  and  Mr. 
Ormerod,  in  Lancashire,  is  about  330  feet  thick,  of  which  the 
upper  210  feet  consist  of  red  and  variegated  marls  containing 
thin  beds  of  limestone,  and  the  lower  120  feet  consist  of  red 
sandstone.  The  Permian  group  in  the  south-west  of  Eng- 
land consists  usually  of  a  conglomerate  or  breccia,  enclosing 
large  angular  fragments  of  carboniferous  limestone  and  old 
red  sandstone,  and  passing  upwards  either  into  beds  of 
red  sandstone,  or  into  strata  of  fine  grained  dolomitic  or 
magnesian  limestone  of  a  yellowish  colour.  In  the  Mendip 
district  the  magnesian  limestone  is  frequently  cavernous,  and 
often  contains  extraordinary  subterranean  reservoirs  of  water. 

Professor  Sedgwick,  in  a  very  valuable  paper  published  in 
the  Geological  Transactions,  vol.  iii.,  Second  Series,  has  thus 
described  the  subdivisions  of  the  great  belt  of  magnesian 
limestone  which  extends  from  Nottingham  into  Durham. 
It  consists,  in  descending  order,  of  the  following  : — 

1.  Grey  thin  bedded  limestone. 

2.  Lower  red  marl  and  gypsum. 

3.  A  thick  deposit  of  yellow  magnesian  limestone,  often 

cellular  and  earthy  ;  sometimes  hard  and  crystalline. 

4.  Variously  coloured  marls,  with  thin  beds  ,  of  compact 

and  shelly  limestone. 

5.  Marl  slate,  associated  with  gray,  thin  bedded,  and 

nearly  compact  limestone. 

6.  Lower  red  sandstone. 

This  part  of  the  series  in  Durham  is  about  126  feet  thick, 
and  appears  to  yield  an  unusual  quantity  of  water.  Professor 
Sedgwick  mentions  several  instances  of  the  great  volume  of 
water  met  with  in  sinking  through  this  formation.  One  of 
these  is  Eppleton  coal  pit,  in  which  this  bed  was  found  to 
yield  48,000  gallons  of  water  per  hour,  or  considerably  more 
than  1,000,000  gallons  per  day.  Other  cases  are  mentioned, 
as  the  new  water- works  at  Bishop  Wearmouth,  and  pits  sunk 
by  the  proprietors  of  tho  Hetton  coal  works,  in  which  very 
copious  springs  were  encountered  in  this  formation. 
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Mr.  Stephenson,  in  his  second  report  on  the  subject  of  a 
spring  water  supply  from  Watford,  mentions  the  subject  of 
the  extraordinary  yield  from  the  lower  bed  of  the  Permian 
series  in  the  county  of  Durham.  He  states  that  from  two 
shafts  sunk  within  a  few  yards  of  each  other,  the  incredible 
quantity  of  14,000,000  gallons  a  day  has  been  pumped  up 
from  the  stratum  of  sand  which  crosses  them.  This  stratum 
of  sand  is  described  as  lying  between  the  magnesian  lime- 
stone and  the  coal  formation,  and  is,  therefore,  probably, 
identical  with  the  lower  red  sandstone  of  Professor  Sedg- 
wick's subdivision. 

The  following  are  the  principal  towns  in  England  situated 
on  the  trias  and  Permian  formation  : — 

1.  In  the   valley  of  the  Eden— Carlisle,  Penrith,  and 

Appleby. 

2.  On  the  western  side  of  the  great  Lancashire  and  Der- 

byshire coal  fields  are  Lancaster,  Preston,  Liverpool, 
Manchester,  Stockport,  Chester,  Northwich,  Middle- 
wich,  Congleton,  Wrexham,  Market  Drayton,  and 
Shrewsbury. 

3.  On  the  eastern  side  of  the  Durham,  Yorkshire,  and 

Nottinghamshire  coal  fields  are  Sunderland,  Dar- 
lington, Stockton,  Thirsk,  Ripon,  Kuarcsborough, 
York,  Pontefract,  Doncaster,  Gainsborough,  Newark, 
and  Nottingham. 

4.  In  the  midland  district,  south  of  the  great  Derbyshire 

coal  field,  are  Stafford,  Burton-on-Trent,  Derby, 
Loughborough,  Leicester,  Lichfield,  Penkridge, 
Shiffnall,  Wolverhampton,  Bridgenorth,  Stourbridge, 
Kidderminster,  Birmingham,  Coventry,  Warwick, 
Leamington,  Droitwich,  and  Worcester. 
In  the  west  of  England  are  Bristol,  Wells,  Bridgewatcr, 

Taunton,  Exeter,  and  Teignmouth. 
Although   the  capacity  of  the  new  rod  sandstone  for 
absorbing  water  lias  been  much  insisted  on  of  late  years,  it 
is  remarkable  how  few  of  the  towns  situate  on  this  formation 
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are  supplied  from  deep  wells.  The  bug  and  severe  parlia- 
mentary contests  with  reference  to  the  water-works  of  Liver- 
pool, Manchester,  and  Birmingham  are  well  known  to  most 
of  the  public.  In  all  these  cases  the  result  has  been  that 
deep  and  expensive  wells  have  been  abandoned,  and  the 
corporation  having  obtained  possession  of  the  existing 
pumping  establishments,  is  now,  under  the  highest  engineer- 
ing advice,  laying  out  very  large  sums  in  constructing  storage 
reservoirs  to  collect  the  water  from  a  drainage  area,  instead 
of  pumping  it  from  the  sandstone. 

The  following  particulars,  as  to  the  supply  of  a  number 
of  the  principal  new  red  sandstone  towns,  will  serve  to  show 
the  means  at  present  commonly  resorted  to  for  large  public 
supplies  of  water  in  new  red  sandstone  districts. 

Birkenhead.—  Supplied  from  two  wells,  which  are  each 
about  95  feet  in  depth,  with  a  boring  of  300  feet  in  tho 
bottom,  thus  making  a  total  depth  of  395  feet. 

Each  well,  or  shaft,  is  9  feet  in  diameter,  sunk  in  the  red 
sandstone  rock  without  lining  or  steining  of  any  kind. 
The  boring  commences  with  a  diameter  of  26  inches,  and 
diminishes  gradually  to  7  inches,  which  is  the  size  of  the 
last  110  feet.  When  not  acted  on  by  pumping,  the  water 
stands  at  93  feet  from  the  surface ;  and  when  reduced  by 
pumping  to  tho  level  of  134  feet  below  the  surface,  the  well 
yields  2,000,000  gallons  per  day  of  24  hours.  (Latham.) 

Birmingham.— Originally  supplied  from  the  river  Tame. 
In  1855  tho  supply  was  increased  by  the  addition  of  a  largo 
drainage  area  in  the  neighbourhood.  In  1806  the  Company 
was  authorised  to  erect  new  works,  and  sink  shafts  into 
the  new  red  sandstone,  in  order  to  meet  the  deficiency  from 
the  River  Tame.  The  Company  is  bound  to  reduce  annually 
the  supply  from  this  river  until  1872,  when  tho  pumping 
from  the  Tame  is  to  cease  altogether. 

The  Birmingham  Company  was  incorporated  in  1826  for 
the  purpose  of  supplying  water  to  the  town  from  tho  river 
Tame,  their  capital  being  £120,000.    In  1854  they  came  to 
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Parliament,  and  increased  their  capital  to  £240,000,  with  a 
borrowing  power  of  £30,000.  In  1855  the  Company  again 
came  to  Parliament,  and  their  share  capital  was  fixed  at 
£420,000,  with  borrowing  powers  not  exceeding  altogether 
£105,000.* 

In  the  previous  Acts  tbe  Company  was  confined  to  taking 
their  supply  from  the  river  Tame ;  but  the  Act  of  1855 
authorised  several  new  sources,  viz.,  the  Hawthorn  Brook, 
Perry  Stream,  Upper  and  Lower  Witton  Pools,  and  the  river 
Blythe. 

The  two  first  of  these  are  small  streams  flowing  into  the 
Tame,  the  former  at  the  village  of  Hampstead,  and  the 
latter  at  Perry,  about  8*  miles  north  of  Birmingham. 

The  river  Blythe  flows  through  the  gypseous  part  of  the 
new  red  sandstone  formation.  Its  general  course  is  north 
and  south,  at  a  distance  of  about  8*  miles  east  of  Birming- 
ham. It  flows  by  Coleshill,  where  it  joins  the  Biver  Cole, 
and  the  united  stream  falls  into  the  Tame  at  Ouston  Grange, 
about  2  miles  east  of  "Water  Orton. 

In  his  evidence  on  the  Bill  of  1865  Mr.  Hawkesley  de- 
scribes the  very  minute  examination  of  all  tbe  sources  of 
supply  which  the  neighbourhood  affords.  Tbe  streams  of  the 
Blythe,  the  Bea,  the  Cole,  and  tbe  Arrow  were  all  examined, 
and  rejected  as  unfit  for  use,  because  they  were  far  too  much 
polluted,  and  the  Blythe  on  account  of  its  hardness  and  the 
quantity  of  sulphate  of  lime  which  it,  contained,  this  being 
attributable  to  its  flow  through  the  gypseous  marls  and  clays 

of  the  new  red  sand**"-"- 

After  most  careful  examination  ho  recommended  the 
water  in  the  streams  of  Sutton  Park,  and  that  to  be  obtained 
from  deep  wells  reaching  the  sandy  part  of  the  formation  at 
Aston,  Edgcbaston,  Witton,  and  Sutton  Coldiield. 

It  appears  that  in  1805  the  Company  had  already  com- 
menced sinking  at  Witton,  which  is  on  a  small  stream  flow- 

*  Evidence  on  Birmingham  Water  Bill,  1865. 
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ing  into  the  Tame  at  Aston,  and  although  they  failed  to 
obtain  power  in  18G5  to  execute  the  other  works  recom- 
mended by  Mr.  Hawkesley,  yet  in  the  following  year,  18G6, 
they  succeeded  in  passing  their  Bill. 

The  Act  of  1865  authorised  the  Company  to  divert  and 
appropriate  both  the  streams  flowing  from  Sutton  Park, 
together  with  the  water  of  certain  pools  formed  by  embank- 
ing those  streams.  They  were  also  authorised  to  sink  a  shaft 
and  drive  adits  in  the  neighbourhood  of  Sutton  Coldfield. 

Many  persons  interested  in  Bracebridge  Pool,  and  other 
pieces  of  water  on  these  streams,  objected  to  the  abstraction 
of  the  water.  Bracebridge  Pool  is  situate  near  the  source 
of  the  northern  branch  of  East  Brook,  about  2  miles  north- 
west of  Sutton  Coldfield. 

The  inhabitants  of  Sutton  Coldfield  also  petitioned  against 
the  Bill,  on  the  ground  that  the  operations  of  the  Company 
would  drain  the  wells  in  Sutton  Coldfield  and  the  springs  in 
Sutton  Park. 

The  referees,  however,  reported  in  favour  of  the  under- 
taking, that  there  was  a  probability  of  good  water  being 
obtained  both  from  the  upper  argillaceous  beds  of  the  new 
red  sandstone,  and  also  from  the  lower  or  Permian  beds. 
That  2,000,000  gallons  a  day  would  probably  be  obtained 
from  the  streams  flowing  from  Sutton  Park,  and  an  equal 
amount  from  the  shaft  and  adit  proposed  to  be  made  near 
Sutton  Coldfield. 

It  was  also  proved  before  the  referees  that  the  present 
supply  (1865)  for  the  town  of  Birmingham  is  in  the  dry 
season  7,000,000  gallons  a  day,  an  amount  barely  sufficient 
for  the  then  population  of  about  330,000. 

About  4,000,000  of  this  quantity  is  derived  from  tho  Tame, 
which  is  becoming  more  impure  every  day,  and  must  bo 
soon  abandoned.  Hence  the  necessity  for  a  further  ana 
better  supply,  especially  with  refe  renco  to  new  districts 
lying  outside  tho  present  limits  of  supply. 

New  Forge  Pool  and  Windlcy  Pool,  which  were  proposed 

G  2 
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in  1865,  are  about  a  mile  south-west  of  Sutton  Coldfield, 
about  5£  miles  north-east  of  Birmingham,  and  are  situate 
on  a  stream  called  East  Brook,  which  rises  in  the  high 
grounds  of  Sutton  Park,  about  2  miles  west  of  Sutton 
Coldfield,  and  was  the  line  of  the  old  Icknield  Street  at 
Thornhill.    The  East  Brook  flows  south  and  east  by  Sutton 
Coldfield,  where  it  is  joined  by  another  small  stream  which 
rises  more  to  the  north  from  the  same  elevated  ridge,  over 
which  the  Icknield  Street  is  carried.    The  united  stream 
then  flows  by  Holland  House,  New  Hall  Mill,  and  Penn 
Mill,  crosses  the  Birmingham  and  Fazeley  Canal  at  Plants 
Brook  Forge,  and  falls  into  the  Tame  at  Berwood  Hall,  near 
Castle  Bromwich. 

Under  the  powers  of  their  Act  of  1866,  the  Company  have 
formed  a  new  reservoir  at  Aston,  about  2*  miles  north-east 
of  Birmingham,  adjoining  and  communicating  with  their 
old  works  on  the  river  Tame.    They  have  purchased  about 
fifty  acres  of  land  at  Plants  Brook,  near  Minworth,  about 
5i  miles  north-east  of  Birmingham,  on  the  Birmingham  and 
Fazeley  Canal,  and  completed  a  large  reservoir  v,hich  im- 
pounds the  water  brought  down  from  Sutton  Park  by  the 
East  Brook,  which  has  been  already  mentioned.    The  supply 
of  water  from  this  source  is  said  to  be  large  and  abundant, 
The  Company  are  also  sinking  for  water  in  the  new  red 
sandstone  near  Perry,  which  is  a  village  on  the  Tame,  about 
3  miles  north  of  Birmingham.    This  sinking  promises  to 
yield  a  satisfactory  supply. 

The  Company  arc  also  sinking  at  King's  Vale,  on  the  south 
side  of  Barr  Common,  about  2*  miles  south-west  of  Sutton 
Coldfield,  and  about  5  miles  a  little  cast  of  north  from 
Birmingham.  This  sinking,  however,  does  not  realise  the 
expectations  of  the  Company.  The  sinking  at  Witton,  which 
seems  to  have  been  in  progress  in  1865,  is  still  incomplete  ; 
but  the  directors,  in  their  report  of  September,  1809,  stdl 
seem  to  entertain  hopes  of  a  considerable  supply  from  Una 
Binking. 
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The  preamble  in  the  Act  of  1865  recites  that  the  Company 
has  raised  a  share  capital  of  £420,000,  in  addition  to  borrow- 
ing £60,000  ;  and  by  the  same  Act  they  were  authorised  to 
raise  an  additional  share  capital  of  £336,000,  and  to  borrow 
an  additional  £84,000.  When  this  capital  is  all  raised,  it 
will  amount,  including  borrowed  money,  to  no  less  than 
£900,000,  for  which,  on  a  moderate  calculation  a  supply  of 
12,000,000  gallons  a  day  should  be  given.  It  remains  to  be 
seen  whether  this  result  will  be  attained. 

There  is  an  important  provision  in  the  Act  of  1866,  which 
limits  the  quantity  to  be  taken  from  the  river  Tame  after 
January,  1869,  to  3,000,000  gallons  a-day  ;  after  January, 
1870,  to  2,000,000  gallons  ;  and  after  January,  1871,  to 
1,000,000  gallons  a-day,  and  declares  that  after  January, 
1872,  the  Company  shall  cease  to  supply  any  water  from  the 
Tame  for  domestic  purposes. 

This  is  qualified  by  providing  that,  in  certain  emergencies, 
such  as  frost,  drought,  &c,  or  in  case  of  the  river  Tame 
water  becoming  pure  and  fit  for  domestic  purposes,  that  then 
it  may  be  used  under  certificate  from  the  Board  of  Trade. 

Mr.  Hassard,  C.E.,  has  lately  prepared  a  scheme  for 
supplying  Birmingham  from  the  Radnorshire  hills,  a  distance 
of  52  miles  from  Birmingham.  He  proposes  an  immediate 
supply  equal  to  22,500,000  gallons  a  day  to  be  taken  from 
the  river  Tcmc  about  5  miles  above  Knighton. 

The  collecting  ground  has  an  area  of  36  square  miles,  or 
23,000  acres,  and  consists  of  mountain  pasture  on  the  clay 
slate  formation. 

Mr.  Hassard  estimates  the  cost  of  his  scheme,  including 

1  fc> 

compensation,  at  £1,600,000,  or  about  £71,000  per  million 
gallons  of  daily  supply. 

Bridgenorth. — Water  formerly  pumped  from  a  well  in  the 
new  red  sandstone  ;  but  the  supply  was  insufficient,  and  the 
town  was  often  without  water  for  days  together.  Within 
the  last  eight  years  a  25-horsc  engine  has  been  employed  to 
pump  the  water  from  the  river  Severn.     There  is  also  a 
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duplicate  engine,  of  18-horso  power.  The  pumping  lift  is 
about  279  feet.  The  consumption  is  about  210,000  gallons 
a  day,  and  the  supply  has  never  been  known  to  fail  since 
the  water  has  been  taken  from  the  river  Severn. 

Bristol. — Supplied  by  gravitation  from  the  Mendip  Hills. 
Cardiff. — Supplied  partly  from  the  river  Ely,  and  partly 
from  storage  reservoirs. 

The  Cardiff  Waterworks  Company  obtained  their  first  Act 
of  Incorporation  in  1850,  and  their  powers  were  further 
extended  under  Acts  of  1853  and  1860.  The  works  were 
designed  and  carried  out  by  the  late  James  Simpson,  Esq., 
who  continued  to  be  the  consulting  engineer  to  the  Company 
to  the  date  of  his  decease.  The  district  originally  comprised 
the  town  and  port  of  Cardiff,  and  the  parishes  adjoining,  and 
the  supply  was  derived  from  the  river  Ely,  at  a  point  about 
three  miles  from  the  town.  A  pumping  engine  of  20-horse 
power  was  erected  at  this  spot  in  1851,  and  the  water  was 
delivered  into  a  service  reservoir  (called  the  Penhill  Reservoir) 
two  miles  and  a  half  from  the  engine,  and  at  about  the  same 
distance  from  the  town,  the  reservoir  having  an  elevation 
of  about  60  feet  above  the  general  level  of  the  district, 
with  a  capacity  of  2,000,000  gallons.  A  second  engine  of 
25-horse  power  was  erected  in  1855  near  the  first,  and  in 
1859  a  second  service  reservoir  was  constructed  (called  the 
Cogan  Reservoir)  of  similar  capacity  and  elevation  to  that 
at  Penhill,  but  at  a  different  part  of  the  district. 

Tho  rapid  increase  in  the  town  and  population  of  Cardiff 
soon  rendered  a  further  extension  of  the  works  necessary, 
and  the  Act  of  I860  was  obtained,  under  which  the  district 
was  enlarged  by  the  addition  of  several  parishes,  and  the 
authorized  capital  of  tho  Company  increased  (from  £15,000 
in  1850,  and  £45,000  in  1853)  to  £145,000,  exclusive  of 
borrowing  powers.  Under  this  Act  a  third  service  reservoir 
was  constructed  (called  the  Landough  Reservoir),  having  an 
elevation  of  180  feet  above  the  Cogan  Peservoir,  for  the 
supply  of  Pcnarth,  a  somewhat  elevated  portion  of  tho  now 
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district,  and  an  engine  of  15-horse  power  was  erected  at  the 
Cogan  Keservoir,  for  the  purpose  of  pumping  water  there- 
from into  the  new  reservoir  at  Landough. 

In  1862-3-4-5  the  works  were  further  extended,  and  an 
additional  supply  obtained  from  the  drainage  area  to  the 
north  of  Cardiff,  and  lying  between  the  town  and  the 
southern  ridge  of  the  Welsh  coal  basin.  The  formation 
generally  of  this  portion  of  the  district  is  of  the  old  red 
sandstone  series,  covered  in  places  with  a  considerable  depth 
of  diluvial  soil.  A  storage  reservoir  has  been  made  here 
(called  the  Lisvane  Keservoir),  1864-5,  of  a  capacity  of 
70,000,000  gallons,  together  with  filter-beds  and  other 
works,  and  a  direct  supply  by  gravitation  afforded  therefrom 
to  the  town,  and  the  Penhill  and  Cogan  service  reservoirs. 
From  this  source  the  present  supply  is  obtained  during  the 
greater  part  of  the  year. 

The  river  Ely  is  pumped  from  during  a  portion  of  the 
summer,  and  its  resources  are  also  available  for  future 
extensions,  or  in  the  event  of  unusual  drought  or  other 
emergency. 

The  supply  is  on  the  "  constant  "  system ;  and  it  is  grati- 
fying to  the  Company  that,  whilst  in  many  towns  it  has  been 
found  necessary  to  shorten  the  hours  of  supply  during  some 
part  of  the  dry  summers  lately  experienced,  Cardiff  has  been 
afforded  a  constant  and  ample  supply  in  the  fullest  sense  of 
the  word,  and  without  an  hour's  exception. 

The  amount  of  capital  expended  by  the  Company  up  to 
the  present  time  is  £108,000,  which,  of  course,  includes  land 
and  all  incidental  expenses— the  cost  of  works,  with  mains 
and  services,  &c,  being  about  £85,000.  Out  of  this  sum, 
the  Penarth  Works  (engine  and  house,  Landough  Reservoir, 
and  mains  for  Penarth)  cost  £7,000,  and  the  Lisvane  works 
(including  store  reservoir,  aqueduct,  and  intercepting  tanks, 
filter  beds,  cottage,  &c,  four  miles  of  15-inch  main  into 
Cardiff)  £25,000,  exclusive  of  land,  law  and  engineering, 
and  compensation. 
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The  service  reservoirs  contain  5,000,000  gallons.  The 
average  daily  supply  to  Cardiff  (including  the  docks  and 
shipping)  is  1,300,000  gallons,  of  which  about  24,000 
gallons  are  pumped  into  the  Landough  Reservoir  for  the 
supply  to  Penarth. 

The  engines  employed  for  the  Cardiff  supply  consist  of  one 
20-horse  high  pressure  condensing  beam  engine,  one  25- 
horse  high  pressure  non-condensing  beam  engine  ;  total 
lift  of  pumps  (exclusive  of  friction  through  mains),  80  feet; 
quantity,  2,000,000  gallons  in  twenty-four  hours  (both 
engines).  Penarth  supply  (second  lift)  one  15-horse  high 
pressure  direct  acting  engine  ;  total  lift  of  pump,  190  feet ; 
quantity,  840,000  gallons  in  twenty-four  hours.  (Information 
furnished  by  Mr.  Henry  Gooch,  the  resident  engineer.) 

Carlisle. — Supplied  with  about  a  million  gallons  a  day, 
pumped  from  the  river  Eden. 

Chester. — Water  supplied  by  pumping  from  the  river  Dee, 
into  an  open  subsiding  reservoir.  Formerly  it  was  not 
filtered,  and  its  quality  was  much  complained  of.  It  is  now 
well  filtered,  and  then  stored  in  a  covered  reservoir  and 
pumped  up  to  a  high  level  service  tank,  from  which  the  city 
is  supplied  by  gravitation  with  about  900,000  gallons  a  day. 
Tho  supply  both  in  quantity  and  quality  now  gives  very 
general  satisfaction.  An  unsuccessful  attempt  was  made 
many  years  ago  to  procure  water  from  tho  red  sandstone  by 
tunnelling  under  the  river  Dec. 

Coventry. — Supplied  partly  from  springs,  and  partly  from 
artesian  wells  sunk  into  the  red  marl  and  new  red  sandstone 
rock.  Tho  principal  artesian  well  is  320  feet  deep,  and 
lias  an  iron  pipe  18  inches  diameter  for  the  first  80  fe<  I  : 
then  a  15-inch  pipe  for  180  feet;  a  12-inch  pipe  for  20 
feet;  an  open  12-inch  bore-hole,  without  pipe,  for  73  feel  ; 
then  a  0  inch  bore-hole  without  pipe  for  07  feet:  total, 
320  feet. 

A  second  artesian  well  is  250  feet  deep,  and  the  two 
others  are  each  75  feet  deep.    The  supply  is  constant,  and 
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the  water  is  pumped  to  a  service  reservoir  100  feet  above  the 
town,  and  over  a  stand-pipe  40  feet  high,  so  that  the  water 
is  delivered  at  a  height  of  140  feet  above  the  town.  The 
capacity  of  the  service  reservoirs  is  about  3,000,000  gallons, 
and  the  daily  supply  about  700,000  gallons  in  the  summer. 
The  quantity  annually  pumped,  about  250,000,000  gallons. 
Two  engines  are  employed,  one  of  which  is  a  60-horse 
double  cylinder  beam  engine,  working  a  solid  plunger,  and 
raising  63  gallons  at  each  stroke.  The  other  is  a  40-horse 
Cornish  engine.  The  cost  of  coal  used  about  £230  per 
annum.  The  whole  cost  of  the  works,  which  were  erected 
in  1846,  has  been  about  £33,000. 

Darlington. — Water  pumped  from  the  river  Tees.  The 
reservoir  is  a  mile  distant  from  the  town,  to  which  the 
water  descends  by  gravitation,  with  a  pressure  in  the  town 
varying  from  40  to  100  feet.  Supply  abundant,  but  water 
sometimes  discoloured.  The  engine  is  of  30-horse  power, 
and  lifts  500  gallons  per  minute  100  feet  high. 

Derby. — Supplied  by  water  which  is  partly  collected  in 
impounding  reservoirs,  and  partly  pumped  from  the  Der- 
went.  The  service  reservoir  is  at  a  height  of  140  feet 
above  the  town,  and  contains  1,158,000  gallons.  The 
impounding  reservoir  has  an  area  of  eleven  acres  and  an 
average  depth  of  30  feet  (?  extreme  depth).  Works  com- 
pleted in  1851 ;  since  which  time  the  supply  has  been 
adequate.  Cost  of  works,  £50,000.  Daily  supply  953,000 
gallons. 

yjXcter— Supplied  by  water  pumped  from  the  river  Exe, 
at  Pyncs,  about  three  miles  above  Exeter.  The  works  were 
executed  in  accordance  with  an  Act  passed  in  1833,  and  now 
supply  about  960,000  gallons  per  day.  Water  power  is  used 
for  pumping,  but  steam,  as  an  auxiliary  power,  was  added  in 
1856.  The  supply  is  intermittent,  and  is  given  to  each 
district  during  about  six  hours  each  day,  and  on  six  days 
a  week,  Thursday  being  excepted  on  account  of  repairs,  and 
especially  in  summer  time,  when  the  water  is  required  for 
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washing  gutters  and  flushing  sewers.  The  total  daily  con- 
sumption for  all  purposes  is  23  to  25  gallons  per  head. 

The  Company  are  now  making  arrangements  for  taking 
the  water  from  a  point  higher  up  the  river  Exe,  namely, 
above  the  junction  of  the  river  Culm. 

Lancaster. — An  abundant  supply  of  very  soft  water,  ob- 
tained by  gravitation,  from  a  height  of  1,148  feet  above  tbe 
town,  and  stored  in  four  equilibrium  reservoirs  at  various 
heights. 

Leamington. — The  supply  is  pumped  from  the  river  Avon 
into  two  summit  reservoirs,  120  feet  above  the  town.  The 
works  were  executed  in  1857,  and  the  supply  has  been 
constant  since  1867.  The  capacity  of  the  two  reservoirs  is 
about  1,000,000  gallons,  and  the  daily  supply  to  the  town 
about  350,000  gallons.  Two  35-horse  power  engines  are 
employed,  and  these  are  capable  of  pumping  500,000  gallons 
a  day  to  a  height  of  145  feet. 

The  engines  are  also  employed  in  driving  a  corn  mill  when 
not  required  for  pumping.  About  two  cwt.  of  coal  are  used 
per  hour.  (Information  received  from  Mr.  T.  D.  Barry, 
Engineer  for  the  borough  of  Leamington.)  The  works 
belong  to  the  Local  Board. 

Leicester. — Supplied  by  gravitation  writh  water  collected 
on  the  high  lands  bordering  Charnwood  Forest. 

Liverpool. — Supply  partly  obtained  from  wells  sunk  in 
tho  new  red  sandstone,  and  partly  from  largo  impounding 
reservoirs  at  Bivington,  distant  about  thirty  miles  from 
Liverpool.    The  average  quantity  supplied  per  day  is  now, 


in  18G9 


From  Rivington  . 
„     wolls    .  . 


10,500,000  gallons. 
6,000,000  „ 


Total  . 


16,500,000 


■  i 


Population  within  area  of  supply  about  020,000,  so  that  the 


SITUATE  ON  THE  NEW  EED  SANDSTONE. 


131 


supply  for  all  purposes,  trading  and  domestic,  amounts  to 
an  average  of  nearly  27  gallons  per  head  per  diem. 

The  sum  expended  on  the  works  for  water  supply  up  to 
this  time  amounts  to  ahout  £2,000,000. 

The  drainage  ground  for  collecting  water  has  an  area  of 
about  9,000  acres,  and  the  storage  capacity  400,000,000  feet 
altogether.  Mr.  Hawkesley's  estimate  for  the  supply  of 
Liverpool  was  15,000,000  gallons  a  day;  but  the  supply  of 
late  years  has  fallen  to  10,000,000  and  even  8,000,000 
gallons  a  day. 

Macclesfield  is  situate  on  the  edge  of  the  Cheshire  new  red 
sandstone,  where  this  formation  overlies  the  coal  measures.  The 
town  is  supplied  from  a  drainage  area  of  2,000  acres,  situate 
east  of  the  town,  and  on  the  coal  formation.  The  water  is 
conveyed  by  covered  channels  to  a  reservoir  capable  of  hold- 
ing forty  days'  supply.  The  rainfall  is  about  40  inches, 
and  about  53  per  cent,  is  collected,  or  -526  inches  per  inch 
of  rainfall. 

Manchester,  although  situate  on  the  new  red  sandstone,  is 
supplied  froru  an  extensive  drainage  area  of  millstone  grit. 
It  was  formerly  supplied  by  deep  wells,  one  of  which  yielded 
more  than  a  million  gallons  a  day.  The  supply  is  now 
obtained  by  gravitation  from  large  impounding  reservoirs  in 
the  millstone  grit  district  of  Longdendale. 

According  to  Mr.  Baldwin  Latham,  the  drainage  area  of 
the  Manchester  water  supply  is  about  18,900  acres,  which 
furnishes  a  supply  of  12,000,000  gallons  a  day  to  a  popula- 
tion of  550,000  souls,  in  addition  to  55  cubic  feet  of  water 
per  second  for  twelve  hours  daily  as  compensation  to  mill- 
owners.  Thus  the  total  quantity  of  water  collected  is  upwards 
of  26,000,000  gallons  daily,  although  the  actual  supply  to 
Manchester  is  said  to  be  only  12,000,000. 

Mr.  Bateman,*  however,  who  constructed  the  Manchester 
works,  states  the  supply  to  Manchester  at  25,000,000  gallons 


*  Pamphlet  on  Metropolis  Water  Supply,  1865. 
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a  day,  and  quotes  the  cost  of  the  works  at  £1,500,000,  or 
£60,000  for  each  million  gallons  of  daily  supply. 

Mr.  Bateman  also  stated  in  his  evidence  before  the  Water 
Supply  Commission  of  1 867  that  the  gross  daily  supply  to 
Manchester  was  21  or  22  gallons  per  head  for  600,000 
persons ;  and  of  this  quantity  about  one-third  was  used  for 
trade  purposes,  leaving  14  or  15  gallons  per  head  for  domestic 
use. 

Mr.  Bateman  further  states,  in  the  same  evidence,  that  33 
inches  of  rain  have  been  actually  collected,  and  measured 
out  of  a  total  rain-fall  of  45f.  This  proportion  amounts  to 
•72  inches,  or  nearly  three-fourths,  for  each  inch  of  rain- 
fall. The  whole  deficiency  or  loss  is  stated  at  16  to  9  inches, 
which  would  give  respectively  a  depth  collected  from  each 
inch  of  rain-fall  =  -651  inches  and  -800  inches.  Taking  the 
rain-fall  on  the  Manchester  gathering  grounds  to  be  37  inches, 
the  annual  quantity  of  water  which  falls  would  be  equal  to 
69,930,000  tons. 

Mr.  Bateman's  quantity  of  25,000,000  gallons  a  day  pro- 
bably includes  the  supply  to  millers  as  well  as  that  for  Man- 
chester itself.  The  total  supply  of  25,000,000  gallons  a  day 
would  amount  to  nearly  41,000,000  tons  a  year,  showing  a 
loss  of  about  42  per  cent,  out  of  the  whole  37  inches,  and 
leaving  only  58  per  cent,  available  for  collection. 

Middlewich. — Supplied  by  gravitation  from  high  ground  in 
the  neighbourhood.    Supply  never  known  to  fail. 

'Nantwich, — Supplied  by  gravitation  from  a  source  four 
miles  distant. 

Newark. — The  water  is  pumped  from  the  river  Trent  at 
a  point  two  miles  distant  from  the  town,  after  going  through 
a  process  of  natural  filtration.  The  water  is  pumped  into  a 
covered  reservoir  100  fect  above  the  highest  part  of  the 
town.  Tbo  daily  supply  is  about  150,000  gallons,  and  the 
covered  reservoir  contains  about  lk  days'  consumption. 

Norihallerton. — Supplied  from  shallow  wells  in  the  drift, 
seldom  more  than  12  fect  deep. 
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Nottingham. — This  town  has  been  supplied  for  many  years 
partly  from  the  river  Trent  and  partly  from  wells  sunk  into 
the  new  red  sandstone. 

The  original  Trent  Water  Works  Company  were  incorporated 
in  1827.  In  the  following  year  the  Nottingham  Old  Water 
Works  Company  were  incorporated,  and  for  some  years 
afterwards  obtained  a  supply  of  water  from  springs  and 
streams  in  the  parish  of  Basford.  These  two  Companies 
were  eventually  amalgamated,  and  a  new  Company  in- 
corporated in  the  year  1845. 

The  Trent  Water  Works  were  begun  in  1830,  and  brought 
into  operation  in  the  following  year.  They  consisted  of  the 
Trent  pumping  station  with  a  filtering  reservoir  on  the 
banks  of  the  river,  and  a  service  reservoir  called  the  Park 
Eoad  Reservoir,  on  high  ground  near  the  park.  This  is  just 
under  the  Park  pumping  station.  In  1834  the  water  of  the 
Trent  was  so  bad  that  the  pipe  had  to  be  removed  from 
the  river,  and  the  water  was  allowed  to  filter  into  the 
reservoir  through  a  natural  bed  of  gravel.  Mr.  Hawkesley 
said  in  his  evidence  of  1869  that  even  this  naturally  filtered 
water  was  gradually  getting  worse,  and  was  now  found  to 
be  contaminated  with  brine  springs  from  the  coal  strata,  to 
such  an  extent  that  about  a  ton  of  salt  was  daily  pumped 
into  the  town. 

The  supply  obtained  from  the  stream  of  the  Lene  had  also 
become  much  contaminated  with  sewage,  and  even  the  springs 
breaking  out  from  the  red  sandstone  cliffs  at  Scottholme  and 
elsewhere  were  found  to  be  unsatisfactory.  Under  these 
circumstances  the  Company  were  advised  that  a  purer  supply 
would  probably  be  obtained  by  sinking  a  well  into  the  new 
red  sandstone,  and  accordingly  in  1845-6  they  sank  a  shaft 
within  their  own  premises,  and  close  to  the  river  Trent. 
This  shaft  produced  an  abundance  of  water,  but  had  not 
been  sunk  more  than  80  feet  before  it  was  discovered  that 
the  quality  was  bad,  and  this  water  was  accordingly  never 
supplied  to  the  town. 
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The  next  proceeding  was  to  sink  a  well  at  Sion  Hill,  about 
half  a  mile  from  the  market  place  of  Nottingham.  The  red 
sandstone  formation  at  Sion  Hill  is  overlaid  by  marl  which 
contains  a  large  quantity  of  gypsum.  This  water  contained 
a  large  proportion  of  mineral  matter,  and  was  found  to  be 
nearly  21  degrees  of  hardness  by  Dr.  Clarke's  scale.  The 
water  obtained  from  the  Trent  is  still  worse  in  quality,  being 
of  about  the  same  hardness,  and  containing  per  gallon  nearly 
50  grains  of  solid  matter,  of  which  more  than  20  grains 
is  common  salt. 

Since  1854  the  Company  obtained  from  the  Duke  of 
Newcastle  power  to  sink  in  Basford  parish,  and  have  there 
succeeded  in  obtaining  about  2,000,000  gallons  a  day  of 
very  good  water.  This  is  pumped  up  by  two  steam  engines, 
having  an  aggregate  power  of  120  horses. 

A  still  more  recent  attempt  to  obtain  water  by  sinking  has 
been  made  a  little  north  of  Bestwood  Park.  The  sinking 
passed  through  the  new  red  sandstone,  then  through  33 
feet  of  the  Permian  formation,  and  then  reached  the  coal 
measures,  at  a  depth  of  about  200  feet,  beyond  which  a 
boring  was  put  down.  Less  than  half  a  million  gallons 
a  day  were  procured  from  these  operations  ;  but  the  water, 
unfortunately,  was  as  salt  as  sea-water,  and  therefore-  the 
experiment  was  discontinued. 

Notwithstanding  all  these  numerous  sources,  Mr.  Hawkes- 
loy  states  that  in  the  dry  summer  of  1868  the  Company  had 
nearly  exhausted  all  their  powers  of  supplying  water,  and 
had  very  littlo  to  fall  back  upon.  In  18G9  Mr.  Hawkeslcy 
calculated  the  whole  daily  supply  as  follows  : — 

The  Trent  Works  supply  ....       G00.000  gallons. 
„    Scottholmo  "Works  (springs)    .       -100,000  „ 

„    Park  well,  about   900,000  „ 

„    Basford  well   1,750,000  „ 

3,0,50,000  „ 

It  was  calculated  also  that  by  deeper  sinking  and  nioro 
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engine  power  at  the  Basford  well,  an  additional  quantity  of 
750,000  gallons  a  day  might  be  obtained,  thus  making  a 
total  of  4,400,000  gallons  for  a  population  of  about  140,000 
persons.  Mr.  Hawkesley  thinks,  however,  the  Trent  water 
should  be  greatly  disused,  and  this  would  take  away  600,000 
gallons.  He  also  proposes  to  discontinue  the  supply  from 
Scottholme  springs,  amounting  to  another  400,000  gallons. 
He  calculates  that  in  1881  the  Company  will  have  to  supply 
a  population  of  more  than  200,000,  and  in  1901  a  population 
of  290,000  persons. 

After  all  these  harassing  failures  endured  by  the  Company, 
it  is  not  surprising  to  find  them  applying  for  largely  increased 
Parliamentary  powers  in  1869.  The  following  were  the 
principal  provisions  contemplated  in  this  Bill  of  1869  :  

1.  To  take  the  water  of  the  Dover  Beck,  which  rises  near 
Oxton,  in  the  county  of  Nottingham,  and  of  Grimes  Moor 
Little  Dyke,  which  rises  near  Calverton,  in  the  same  county. 

2.  To  erect  a  pumping  station  between  these  brooks,  at  a 
distance  of  seven  miles  from  the  centre  of  Nottingham,  and 
to  pump  the  water  a  distance  of  three  miles  and  a  half  to  a 
reservoir  about  270  feet  in  height  above  the  pumping  station. 

3.  To  construct  a  new  reservoir  three  miles  and  a  half 
from  centre  of  town,  and  convey  the  water  by  means  of 
pipes  into  the  town  of  Nottingham. 

4.  To  supply  a  number  of  parishes  and  places  adjacent  to 
the  town  of  Nottingham. 

5.  To  increase  the  capital  by  a  sum  of  £150,000,  which  is 
to  be  entitled  to  a  dividend  of  7  per  cent. 

6.  To  borrow,  in  addition  to  their  present  borrowing 
powers,  a  further  sum  of  £37,500. 

7.  That  new  shares  are  to  bo  disposed  of,  not  by  auction, 
but  as  directed  or  authorised  by  the  Company. 

The  Corporation  of  Nottingham  petitioned  against  this  Bill 
on  the  grounds — 

1.  That  the  Company  are  monopolists,  and  at  present 
obtained  a  filtered  supply  from  the  river  Trent,  also  from 
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springs  and  wells  in  the  parish  of  Basford,  and  from  wells  in 
Ropewalk-street,  Nottingham,  and  can  obtain  further  supplies 
from  the  sandstone  rock  of  Nottingham  and  its  immediate 
neighbourhood. 

2.  That  the  underground  springs  of  the  sandstone  rock 
afford  the  purest  and  cheapest  supply. 

3.  That  the  river  Trent,  on  account  of  its  great  volume, 
rapid  flow,  and  small  population  above  Nottingham,  is  easily- 
kept  free  from  pollution,  and  that  its  purity  will  be  much 
improved  by  impending  legislation  prohibiting  the  pollution 
of  rivers. 

4.  That  the  Dover  Beck  and  Little  Dyke  (from  which  the 
new  supply  is  to  be  taken)  have  together  not  more  than  one 
four-hundredth  part  of  the  average  volume  of  the  Trent. 

5.  That  Dover  Beck  and  Little  Dyke  receive  the  drainage 
of  10,000  acres  of  cultivated  land,  and  arc  liable  to  be  much 
polluted  by  the  manures  employed. 

G.  That  the  outlying  places  proposed  to  bo  supplied  con- 
tain 40,000  acres,  and  mostly  contain  a  thin  and  scattered 
population,  and  do  not  present  a  remunerative  field  for 
water  supply. 

7.  That  the  supply  of  the  new  district  would  probably 
cause  a  loss  which  would  prevent  reduction  of  price  in  Not- 
tingham. 

8.  That  tho  deposited  estimate  for  the  new  scheme  is 
£170,000,  and  would  involve  heavy  compensation  to  water- 
mills  below  the  proposed  pumping  station. 

9.  That  tho  reduction  of  price  contemplated  by  tho  Act  of 
1815  will  be  prevented  or  indefinitely  deferred. 

10.  That  the  Company  should  lie  bound  to  raise  and  apply 
their  already  authorised  capital  before  creating  any  new  capital. 

1  1 .  That  the  Company  have  a  large  amount  of  unraised 
capital,  and  that  the  new  capital  proposed  is  excessive. 

12.  That  by  the  Act  of  1854  the  dividend  on  share  capital 
i  ;  limited  to  .1  per  cent.,  and  shares  arc  to  ho  sold  by  auction, 
tho  premium  not  being  entitled  to  dividend. 
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13.  That  the  present  shares  bearing  a  dividend  of  5  per 
cent,  are  at  a  premium  of  20  per  cent.,  so  that  the  proposed 
dividend  of  7  per  cent,  would  correspond  with  a  premium  of 
68  per  cent.,  and  as  there  is  no  auction  clause,  this  premium 
would  be  pocketed  by  the  shareholders,  and  would  entail  a 
charge  on  the  consumers  of  about  £100,000  on  the  new  capital 
of  £150,000. 

14.  That  as  water  (unlike  gas)  is  incapable  of  being  super- 
seded, there  is  no  reason  why  new  capital  should  bear  higher 
rate  than  5  per  cent.,  nor  why  new  shares  should  not  be  sold 
by  auction. 

15.  The  Corporation  are  willing  to  purchase  the  undertak- 
ing of  the  Company,  or  to  establish  other  waterworks  for 
the  supply  of  the  town,  pursuant  to  the  Public  Health  and 
Local  Government  Acts. 

16.  That  the  Bill  should  require  the  Company  to  supply 
by  meter. 

The  above  were  the  principal  allegations  made  against  the 
Bill,  and  the  result  shows  the  opposition  was  successful, 
as  the  Committee,  after  a  very  patient  inquiry,  declared 
the  preamble  of  the  Bill  not  proved. 

Penrith. — AVatcr  pumped  up  from  the  river  Eamont  to 
two  separate  reservoirs,  one  of  which  is  130  feet  above  the 
river,  and  commands  the  greater  portion  of  the  town.  The 
upper  service  reservoir  is  370  feet  above  the  river,  and  com- 
mands the  higher  portion.  Water  pumped  by  a  wheel 
worked  by  the  river,  supplemented  by  a  steam  engine  of 
14-horse  power,  which  is  employed  in  times  of  low  water 
and  when  the  river  is  flooded.  Daily  supply  about  300,000 
gallons. 

Preston. — Supplied  by  gravitation  from  a  millstone  grit 
district  in  the  neighbourhood.  Water  collected  in  a  scries 
of  reservoirs,  afterwards  filtered,  and  then  stored  in  covered 
reservoirs.  The  drainage  area  on  Longridge  Fells  has  a 
capacity  of  about  3,000  acres.  The  supply  is  equal  to  150 
days'  consumption,  and  is  conveyed  to  the  reservoirs  partly 
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in  open  channels  and  partly  in  stone  culverts.  The  mean 
rainfall  is. said  to  be  43  inches  per  annum,  and  about  23  per 
cent,  is  collected  in  the  reservoirs. 

Rugby  is  situate  on  the  has  formation,  which  here  rests  on 
the  new  red  sandstone.  Attempts  have  been  made  to  pro- 
cure water  by  wells  sunk  through  the  lias  into  the  new  red 
sandstone.  The  attempts  to  procure  water  for  domestic 
consumption,  however,  have  been  unsuccessful,  as  the  water 
has  been  found  highly  impregnated  with  common  salt. 

Stockton-on-Tees. — Supplied  by  water  pumped  from  the 
river  Tees. 

St.  Helen's,  Lane. — There  are  two  wells  sunk  in  the  red 
sandstone  here.  Each  well  is  210  feet  deep,  beyond  which 
there  is  a  boring  in  the  bottom,  and  the  two  wells  supply 
daily  about  572,000  gallons. 

Selby,  Yorkshire. — The  supply  of  this  town  is  chiefly 
obtained  from  a  shallow  well,  succeeded  by  a  boring  of  320 
feet  in  depth  and  7  inches  diameter.  Supply  about  120,000 
gallons  per  day. 

Stourbridge,  Worcestershire,  has  a  shallow  well,  about  30 
feet  deep  and  G  foot  in  diameter,  which  yields  about  150,000 
gallons  a  day. 

Sunderland. — The  supply  is  from  four  deep  wells  sunk  in 
the  neighbourhood.  The  first  well  was  sunk  in  1S16  at 
Humblcdon,  about  a  mile  and  a  half  west  of  Sunderland. 
The  second  was  sunk  in  1852  at  Fulwell,  about  a  mile 
and  a  half  north  of  the  town.  Tho  third  was  sunk  in  1859, 
at  Clcadon,  about  four  miles  north  of  Sunderland,  or  nearly 
midway  between  Sunderland  and  South  Shields.  The  fourth 
well  is  just  completed,  and  is  sunk  at  Ryhope,  about  throe 
miles  and  a  half  south  of  Sunderland. 

The  shaft  at  Humbledon  Hill  is  sunk  through  magncsian 
limestone  (Permian  or  lower  new  red  sandstone)  to  a  depth 
of  228  feet,  and  two  3-inch  bore-holes  arc  made  in  the  bottom 
of  the  shaft  to  a  further  depth  of  100  feet,  making  the  total 
depth  328  feet. 
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The  shaft  at  Fulwell  is  sunk  through  clay  and  limestono 
to  a  depth  of  222  feet. 

The  shaft  at  Cleadon  is  sunk  principally  through  lime- 
stone, to  a  depth  of  270  feet,  and  the  shaft  at  Ryhope  is 
sunk  also  through  limestone  to  a  depth  of  240  feet.  The 
water  from  all  these  wells  is  pumped  up  to  reservoirs,  from 
which  it  gravitates  to  the  town.  The  reservoirs  at  Humhledon 
Hill  and  Fulwell  each  contain  1,000,000  gallons.  The  reser- 
voir at  Cleadon  Hill  contains  2,000,000  gallons.  All  these 
three  reservoirs  are  situate  220  feet  ahove  high-water  mark. 
The  reservoir  at  Eyhope  is  230  feet  above  high-water  mark, 
and  contains  4,000,000  gallons.  The  supply  is  constant, 
being  always  laid  on  to  the  houses  with  the  full  pressure 
due  to  the  height  of  the  reservoirs ;  and  the  present  daily 
supply  to  Sunderland  and  South  Shields  is  from  3,500,000 
to  4,000,000  gallons. 

The  following  are  particulars  of  the  pumping  engines  : — 

At  Humhledon,  a  low-pressure  single  condensing  beam- 
engine  of  120-horse  power,  capable  of  lifting  1,000,000 
gallons  in  twenty-four  hours.  At  Fulwell,  two  double- 
powered  rotative  engines,  with  30-inch  cylinders,  and  7-feet 
stroke,  capable  together  of  raising  1,000,000  gallons  in 
twenty- four  hours.  At  Cleadon,  two  single-powered  ex- 
pansive engines,  with  60-inch  cylinders,  and  8-feet  stroke, 
capable  of  raising  3,000,000  gallons  in  twenty-four  hours. 
At  Ryhope,  two  rotative  double-cylinder  expansive  engines, 
with  large  cylinders  45-inches  diameter,  and  8-feet  stroke ; 
smaller  cylinders  27-inches  diameter,  and  5-fect  4-inches 
stroke. 

The  quantity  of  water  pumped  last  year,  exclusive  of 
the  Ryhope  supply,  was  1,298,000,000  gallons. 

The  cost  of  the  works,  including  mains,  branches,  &c.,has 
been  £208,120,  and  the  present  population  supplied  through- 
out the  entire  district  is  about  200,000.  The  cost  of  coal 
and  cartage  for  the  last  year  was  £2,419.  The  oil,  tallow, 
leather,  &c,  cost  £222. 


110 


SUPPLY  OF  TOWNS 


From  tlio  revenue  account  of  1868  it  appears  the  receipts^ 

For  "Water  Rents  amounted  to  .  .  .  £26,540 
Less  Expenditure  10,127 

Profit    .    .  £16,413 

on  a  paid-up  share  capital  of  £179,500,  equal  to  more  than; 
9  per  cent. 

Information  furnished  by  Mr.  AVilliam  Dixon,  who  states • 
that  the  works  have  been  carried  out  from  the  designs  and:| 
under  the  superintendence  of  Thomas  Hawkesley,  Esq.,  C.E.  .1 

Tranmere,  Cheshire,  has  a  well  9  feet  diameter,  and  120  ! 
feet  deep.    Supply  about  150,000  gallons  a  day. 

Wallasey,  Cheshire,  according  to  Mr.  Latham,  is  supplied  !i 
with  300,000  gallons  daily,  from  a  well  sunk  and  bored  236 
feet  into  the  new  red  sandstone. 

Warwick. — Supplied  with  water  taken  from  the  River  Avon  i 
at  Emscote.  Water  filtered  and  pumped  into  the  town.  The 
daily  supply  about  310,000  gallons.    Supply  constant  during ; 
the  day,  namely,  from  6  a.m.  till  9  p.m.  A  well  was  sunk  here  i 
about  twelve  years  ago,  but  abandoned  at  a  depth  of  more 
than  400  feet.    The  strata  consisted  chiefly  of  red  marl,! 
(upper  argillaceous  and  gypseous  beds  of  the  now  red  sand- 
stone).   Information  from  Mr.  J.  Fenna,  Borough  Surveyor. 

Wellington. — Supplied  from  the  Wrekin  Brook. 

Wells . — Supplied  from  wells  and  spring.-,  in  the  detrital 
gravel  on  which  the  town  is  built.  The  water  is  probably 
derived  from  the  carboniferous  limestone  chain  of  the  RIentlip 
Hills. 

Wolverlmmpton.— Formerly  supplied  in  a  very  inadcouate 
manner,  partly  by  a  Water  Company,  and  partly  from  private  I 
wells  sunk  iu  the  drift  gravel,  on  which  the  town  stands.. 
The  water  of  these  wells  was  of  very  bad  quality,  containing] 
D  large  quantity  of  organic  matter,  and  from  11  to  24  grains 
per  gallon  of  sulphate  of  lime. 

In  18  J  5  an  Act  was  obtained  by  a  Company  for  supplying 
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water  from  two  wells  sunk  into  the  new  red  sandstone.  One 
of  these  wells  was  sunk  at  Goldthorne  Hill,  and  the  other 
at  Tettenhall,  and  their  united  yield  in  1855  did  not  exceed 
400,000  gallons,  whereas  the  town  then  required  at  least 
a  million  gallons.  In  this  year,  1855,  a  new  Company,  having 
purchased  the  old  works,  erected  a  pumping  establishment 
on  the  Eiver  Worf,  at  a  point  about  ten  miles  distant  from 
tbe  town  ;  and  since  that  time  there  has  been  a  plentiful 
supply  of  good  water  at  constant  pressure.  The  Worf  water 
is  collected  in  an  impounding  reservoir. 

In  18G7  the  Corporation  of  Wolverhampton  purchased  the 
whole  of  the  Water  Company's  property,  and  now  supply 
Wolverhampton,  as  well  as  the  neighbouring  towns  of  Bils- 
ton,  Willenhall,  and  Weclnesfield.  The  total  supply  given 
by  the  Wolverhampton  Water  Works  amounts  to  nearly 
1,750,000  gallons  per  day.  The  water  is  of  good  quality, 
and  is  shown  by  analysis  to  rank  high  in  purity  amongst  the 
waters  from  the  new  red  sandstone.  It  is  worthy  of  remark 
that  while  the  district  supplied  by  the  Wolverhampton  Water 
Works  suffered  very  severely  from  the  early  visitations  of 
cholera,  the  town  has  been  remarkably  free  from  that  epide- 
mic since  the  introduction  of  the  present  water  supply.  The 
daily  supply  is  now  about  1,250,000  gallons. 

Worcester. — New  works  were  constructed  in  1857,  at  a 
cost  of  about  £28,000.  Two  engines  of  25-horse  power 
each  were  then  erected  by  the  Haigh  Foundry  Com- 
pany. The  water  is  lifted  from  the  Severn  into  depositing 
tanks,  and  flows  thence  into  sand -filters,  from  which  it 
lasses  to  the  pure  water  tank,  and  thence  is  pumped  into 
the  town  against  a  head  at  reservoir  of  100  feet.  The 
water  is  of  excellent  quality,  and  the  works  have  given 
greater  satisfaction  than  any  other  of  the  public  improve- 
ments in  the  city.  The  demand  became  so  great  that 
the  works  were  extended  in  18G7  by  the  addition  of  two 
single-cylinder  engines  of  30-horsc  power  each  (erected  by 
tbe  Worcester  Engine-Works  Company),  and  the  construe- 
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tiou  of  large  depositing  tanks  and  niters  of  proportionate 
dimensions.  The  cost  of  this  extension,  including  land,  was 
about  £14,000. 

The  four  engines,  working  at  18  strokes  per  minute, 
deliver  about  100,000  gallons  of  filtered  water  per  hour. 
The  supply  is  constant,  and  the  highest  houses  in  the  city 
are  supplied.  Mr.  Hawkesley,  C.E.,  was  the  Engineer-in 
chief,  and  Mr.  S.  G.  Purchas,  C.E.,  is  the  Resident  Engineer, 
and  under  his  superintendence  the  whole  of  the  works  were 
carried  out.  Mr.  Purchas  has  since  laid  down  a  new  engine 
main  of  18  inches  diameter  from  the  pumping  station  to  the 
reservoir  on  Rainbow  Hill,  a  distance  of  about  2,800  yards ; 
the  cost  of  the  latter  work  is  about  £3,500. 

Yor/c— Supplied  from  the  River  Ouse.  Water  first  pumped 
into  subsiding  tanks  ;  afterwards  filtered,  and  then  pumped 
by  two  40-horse  power  condensing  engines  into  an  elevated 
reservoir.  The  supply  is  constant,  and  amounts  to  1,300,000 
gallons  daily. 

Considerable  change  of  opinion  has  necessarily  taken  place 
since  the  first  edition  of  this  book  was  published,  as  to  the 
relative  merit  of  wells  and  drainage  areas  for  procuring  largo 
supplies  of  water  for  important  towns.  The  estimates  made 
by  engineers  as  to  the  proportion  of  rain-fall  capable  of  being 
collected  in  large  impounding  reservoirs  have  been  found 
to  bo  much  exaggerated,  especially  in  years  of  considerable 
drought,  and  although  no  general  rule  can  be  laid  down  as 
applicable  to  every  locality,  it  is  probable  that  in  future 
the  sinking  of  deep  wells  must  extensively  be  resorted  to 
for  the  purpose  of  procuring  water  where  the  drainage  areas 
scorn  inadequate  to  yield  the  necessary  quantity. 

NEW  EED  SANDSTONE  OF  LIVERPOOL. 

A  groat  deal  of  information  relative  to  the  new  red  sand- 
stono  and  Permian  groups,  lias  been  elicited  during  the  last 
few  years,  especially  during  the  parliamentary  inquiries  into 
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the  Liverpool  and  Manchester  corporation  water  works' 
schemes.  The  following  are  some  particulars  relative  to 
the  new  red  sandstone  district  of  Liverpool,  a  subject  which 
has  been  exceedingly  well  illustrated  in  Mr.  Stephenson's 
valuable  report  to  the  Town  Council. 

Previous  to  the  year  1850,  the  town  had  been  supplied 
by  several  water  companies,  who  obtained  the  water  from 
wells,  and  the  corporation  having  purchased  the  works  of 
these  companies,  had  then'  attention  drawn  about  that  time 
to  other  sources  of  supply.  Accordingly,  we  find  in  the 
beginning  of  1850  that  Mr.  Hawkesley  was  proposing  his 
Rivington  Pike  scheme,  while  Mr.  Newlands,  the  borough 
engineer,  backed  by  the  authority  of  Mr.  Simpson,  was 
recommending  further  works  of  sinking  and  boring  in  the 
red  sandstone  in  the  immediate  vicinity  of  the  town.  Under 
these  circumstances  the  Water  Committee  of  the  Town  Coun- 
cil called  for  the  advice  and  assistance  of  Mr.  Robert  Stephen- 
son. At  a  meeting  held  on  the  14th  of  January,  1850,  the 
Committee  passed  the  following  resolutions.  "That  Mr. 
Stephenson  having  been  unanimously  appointed  the  engi- 
neer for  the  purposes  of  the  resolution  of  the  Council  of  the 
9th  of  November,  the  desire  of  the  Committee  is  that  ho 
should  inform  himself  upon  the  subject  in  all  its  bearings 
by  evidence,  reports,  or  otherwise,  so  as  to  ensure  that 
the  views  of  all  parties  may  be  elicited  before  him  to  their 
satisfaction,  and  report  his  opinion  to  the  Committee 
fully :- 

"  1st.  Whether  a  supply  sufficient  as  regards  quantity  and 
quality  for  the  present  and  prospective  wants  of  the  town 
and  neighbourhood,  including  domestic,  trading,  and  manu- 
facturing purposes  and  shipping  ;  and  for  public  purposes— 
viz.,  watering  and  cleansing  streets,  flushing  sewers,  ex- 
tinguishing fires,  and  supplying  public  baths  and  wash- 
houses— can  be  obtained  by  additional  borings,  or  tunnels, 
or  otherwise,  at  the  present  stations— viz.,  those  purchased 
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from  the  companies  respectively,  and  from  the  Green  Lane 
Works,  now  vested  in  the  corporation;  and  the  cost  of 
obtaining  such  sufficient  supply. 

"  2ndly.  Whether  a  sufficient  addition  to  the  present 
supply  can  be  obtained  in  the  locality  or  neighbourhood  of 
Liverpool,  as  recommended  by  Messrs.  Simpson  and  New- 
lands,  or  by  borings  or  by  any  other  course  ;  and  the  cost  of 
obtaining  and  distributing  the  same  ? 

"  3rdly.  Whether  such  supply  can  be  obtained  by  means 
of  the  Bivington  Works  ;  and  the  cost  of  obtaining  and  dis- 
tributing the  same,  as  recommended  by  Mr.  Hawkesley  ? 

"  Ithly.  Under  all  the  present  circumstances  of  the  cases, 
what  course  is  recommended  to  be  pursued  ? 

"William  Shuttleworth,  Town  Clerk.' 

In  pursuance  of  these  resolutions,  Mr.  Stephenson  held  a 
court  at  Liverpool,  received  a  large  body  of  evidence,  caused 
numerous  experiments  to  be  made,  and  on  the  28th  of  March, 
1850,  furnished  a  very  elaborate  report  to  the  Town  Coun- 
cil, from  which  the  following  information  has  been  ex- 
tracted : — 

On  the  Permeability  of  (he  Bed  Sandstone  in  the  Neighbour- 
hood of  Liverpool. 

The  evidence  adduced  before  Mr.  Stephenson  on  this  sub- 
ject was  very  conflicting.  The  geological  evidence  had 
chiefly  reference  to  the  faults  and  fissures  vath  which  (he 
new  red  sandstone  is  known  to  bo  intersected,  some  geolo- 
gists contending  that  these  Assures  arc  filled  with  clay,  and 
that  they  completely  cut  up  and  divide  the  formation  into  a 
scries  of  boxes.  Dr.  Buckland  is  quoted  as  an  authority 
for  this  opinion.  Others,  again,  are  of  opinion  that  the 
fissures  are  not  only  sufficiently  open  to  admit  of  the  free 
percolation  of  water  through  any  particular  bed,  but  that 
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they  even  act  as  channels  to  diffuse  the  water  from  one  per- 
meable heel  to  another  ;  and  thus  they  contend  the  Avhole 
mass  of  the  new  red  sandstone,  wherever  it  consists  of  other 
than  argillaceous  beds,  is  freely  permeable  by  water.  Mr. 
Stephenson  himself  appears  to  incline  to  this  view,  which, 
he  says,  is  supported  by  numerous  instances  in  which  wells, 
at  a  considerable  distance,  were  affected  by  pumping  at 
Green  Lane. 

In  dealing  with  this  part  of  the  subject,  Mr.  Stephenson 
makes  a  very  shrewd  comment  on  some  evidence  which 
had  been  given  by  advocates  for  sinking  wells,  to  the  effect 
that  certain  wells  were  not  affected  by  pumping  from  those 
in  the  neighbourhood.  "If,"  says  Mr.  Stephenson,  "the 
sandstone  were  so  impermeable  as  to  prevent  one  well  in- 
fluencing another  at  a  moderate  distance,  it  would  be  exceed- 
ingly difficult,  if  not  absolutely  impossible,  to  obtain  a  very 
large  supply  of  water  from  any  one  well.  As  regards,  in- 
deed, the  main  question  of  obtaining  from  the  sandstone  an 
adequate  supply  of  water,  it  is  of  the  utmost  consequence  to 
establish,  indisputably,  that  the  sandstone  is  extremely  per- 
meable." Mr.  Stephenson  here  admirably  exposes  a  vice 
which  is  far  too  common  at  the  present  day,  that  of  over- 
proving  one's  case — that  unhappy  mistake  of  cunning  people, 
whose  ingenuity  is  so  extreme  that  it  absolutely  overreaches 
themselves.  To  return,  however,  to  the  subject  of  perme- 
ability, Mr.  Stephenson  sums  up  his  conclusion  in  these 
words — "that  the  rock  may  be  looked  upon  as  almost 
equally  permeable  in  every  direction,  and  the  whole  mass 
regarded  as  a  reservoir  filled  up  to  a  certain  level,  to  which, 
whenever  wells  are  sunk,  water  will  always  bo  obtained, 
more  or  less  abundantly  ;  and  a  very  careful  consideration 
of  all  the  facts  that  have  come  to  my  knowledge  in  the 
present  investigation,  loads  me  to  consider  this  view  as  tho 
simplest,  and  the  only  one  capable  of  general  application." 

It  must  be  fully  borne  in  mind,  that  this  strong  opinion 
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as  to  the  complete  permeability  of  the  new  red  sandstone  at  | 
Liverpool,  is  confined  to  this  locality  alone,  and  does  not 
apply  to  the  new  red  sandstone  generally.    In  that  vast 
aggregate  thickness  of  marls  and  sands,  clays,  conglome- 
rates, and  sandstones,  of  which  this  formation  is  composed, 
we  may  naturally  expect  to  find  very  opposite  and  various 
degrees  of  permeability  in  different  districts.    In  the  neigh- 
bourhood of  Liverpool,  the  strata  appear  to  be  highly  are- 
naceous with  few  interstratified  beds  or  partings  of  clay  ; 
and  it  is  remarkable  that  most  of  the  cuttings  on  the  railways 
near  Liverpool,  as  well  as  the  exposed  faces  of  rock  in 
quarries,  &c,  are  remarkably  dry,  presenting  seldom  any 
appearance  of  moisture  trickling  down  the  face  and  breaking 
out  above  the  partings  of  clay  or  marl.    This  absence  of  any 
visible  water,  anomalous  as  it  may  seem  at  first  sight,  is 
one  of  the  best  indications  of  complete  permeability.    It  is 
almost  invariably  found  all  over  England  in  chalk  and  sand 
cliffs,  and  cuttings  where,  from  the  absence  of  clay  or  marl, 
the  water  is  allowed  freely  to  percolate.    On  the  other  hand, 
there  are  many  districts  of  new  red  sandstone  in  which  the 
sides  of  every  excavation,  both  in  quarries  and  in  road,  canal, 
and  railway  cuttings  arc  constantly  trickling  with  moisture, 
thrown  out  by  the  numerous  clay  partings,  which  arc  often 
so  thin  as  to  escape  observation,  unless  the  attention  be 
directed  to  them  by  this  unfailing  symptom  of  the  water 
breaking  out.    In  such  a  new  red  sandstone  district  as  this 
las!,,  it  is  hopeless  to  expect  water  in  abundance  from  sink- 
ing.   We  might  as  well  expect  to  meet  with  water  in  a 
thick  mass  of  London  or  lias  clay,  in  which  the  same  appear- 
ance of  water  is  presented,  wherever  they  are  exposed  in 
cuttings.    The  appearance  is  also  due  to  the  same  cause 
—namely,   the    alternation  of  beds   porous    in  different 
degrees,  the  water  percolating   through    the    one  being 
Stopped  and  thrown  out  by  the  other.    All  engineers  know 
well  the  difficulties  which  are  often  nu  t,  with  in  executing 
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works  through  clays  containing  interstratified  beds,  which 
allow  of  partial  penetration  by  water ;  but  although  water 
is  often  met  with  in  such  quantity  as  to  be  very  troublesome, 
affecting  the  stability  of  slopes,  &c,  yet  no  one  would  think 
of  sinking  in  any  such  strata  to  procure  a  copious  supply  of 
water. 

The  following  are  some  of  the  general  conclusions  which 
seem  to  have  been  established  with  reference  to  the 
phenomena  of  water  and  springs  in  the  trias  and  Permian 
groups : — 

1.  That  water  abounds  in  the  drift  gravel  covering  the 
new  red  sandstone  and  the  Permian  rocks,  but  this  is 
only  sufficient  for  private  domestic  supply  on  a  small  scale, 
and  cannot  be  depended  on  for  the  public  supply  of  large 
towns. 

2.  That  the  water  in  the  superficial  drift  is  usually  very 
impure,  containing  sulphates  of  lime  and  magnesia  in  large 
quantities,  and  being  frequently  in  towns  much  contaminated 
with  organic  matter. 

3.  The  gypseous  beds  of  marl  and  clay  forming  the  upper 
part  of  the  trias  group,  are  commonly  destitute  of  water 
except  in  the  thin  sandy  partings  which  intervene  between 
the  layers  of  marl.  Therefore  they  cannot  be  depended  on 
for  any  large  supply  of  water.  For  single  isolated  houses 
they  commonly  yield  a  sufficient  quantity,  but  at  very  un- 
certain depths.  In  sections  taken  across  the  district  between 
the  Staffordshire  and  Shropshire  coal-fields,  the  water  was 
found  standing  in  the  wells  at  extremely  different  levels, 
which  seemed  to  follow  no  law  except  that  the  level  was 
generally  higher  in  the  neighbourhood  of  faults,  so  that 
the  water  levels  appeared  to  dip  in  each  direction  from  the 
faults. 

4.  The  whole  of  the  new  red  sandstone  is  remarkably  inter- 
sected by  faults,  which  are-sometimes  pervious  by  the  water, 
and  sometimes  oppose  an  impenetrable  dam  to  its  progress. 
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Faults  of  small  extent  which  are  not  filled  up  with  clay, 
appear  to  oppose  no  obstacle  to  the  passage  of  water.  The 
faults  in  the  Shiffnal  and  Wolverhampton  district,  however, 
appeared,  from  actual  observation  and  measurement,  to  exert 
a  very  decided  influence  on  the  height  at  which  the  water 
stood  in  wells. 

The  brick  red  sandstone  beds,  and  also  the  conglomerate 
or  pebble  beds  of  the  trias  group,  contain  much  more  water 
than  the  marls,  and  appear  to  yield  in  the  Liverpool  wells 
very  large  quantities  of  water,  some  wells  producing  more 
than  2,500,000  gallons  a  day  throughout  the  year.  The 
corresponding  beds  at  Wolverhampton,  however,  yield  very 
little  water,  the  Tettenhall  well  producing  only  168,000 
gallons  a  day.  The  point  where  this  -well  is  sunk  is,  how- 
ever, 450  feet  above  the  sea,  whereas  the  Liverpool  wells 
are  sunk  almost  at  the  level  of  the  sea.  In  addition  to  this, 
the  beds  are  much  more  sandy  at  Liverpool,  although  probably 
having  about  the  same  geological  horizon  as  the  beds  at 
Wolverhampton.  The  sandstone  rock  at  Liverpool  is  usually 
remarkably  dry  in  excavations,  quarries,  and  railway  cuttings 

.  see  those  on  the  Liverpool  and  Manchester  Railway  at 

Edgehill,  &c.  On  the  contrary,  the  beds  in  which  the 
Wolverhampton  well  is  sunk  are  remarkably  wet,  and  exhibit 
a  great  deal  of  moisture  in  all  the  partings  and  laminations. 
This  is  well  seen  in  a  road  cutting  at  Tettenhall,  which 
exposes  a  good  section  of  the  beds  sunk  through  in  the  well. 
The  dryness  of  the  Liverpool  rock  shows  that  the  water 
siiilcs  freely  into  the  sandstone,  and  affords  a  very  probable 
reason  for  expecting  to  find  an  abundant  supply  in  wells. 
The  moisture  in  the  Wolverhampton  beds,  on  the  other 
hand,  shows  that  the  water  penetrates  with  extreme  difficulty, 
and  is  thrown  out  by  the  alternations  of  marl  and  clay,  of 
which  the  strata  are  composed. 

5.  Where  the  Permian  rocks  aro  faulted  against  the  coal 
measures,  as  on  the  western  siilo  of  the  South  Staffordsbire 
coal-field,  and  tho  eastern  side  of  the  Coal  Brook  Dale  ficM, 
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the  water  will  usually  be  cut  off  by  the  fault,  and  a  well, 
however  deep,  will  yield  scarcely  any  water.  Thus,  the 
Goldthorn  well  near  Wolverhampton,  which  is  sunk  only 
about  400  yards  west  of  the  great  fault  which  throws  down 
the  Permian  rocks  to  the  level  of  the  coal  measures,  and  even 
to  that  of  the  Silurian  rocks,  produces  only  200,000  gallons 
of  water  per  day. 

6.  Where  the  lower  arenaceous  beds  and  conglomerates 
of  the  Permian  groups,  however,  overlie  and  repose  on  the 
coal  measures,  they  will  probably  yield  a  very  large  supply  of 
water,  as  in  the  instance  mentioned  at  Monkwearmouth  by 
Professor  Sedgwick  and  Mr.  Bobert  Stephenson. 

PUBLIC  WELLS   OF  LIVERPOOL. 

The  old  works  of  Liverpool,  from  which  the  town  was 
exclusively  supplied  for  many  years  before  the  Eivington 
Pike  Works  were  contemplated,  furnish  numerous  examples 
of  procuring  water  by  means  of  borings  in  the  bottom  of 
wells  or  lodges. 

For  instance,  the  pumping-station  at  Bootle  consists  of  an 
extensive  lodgment  about  45  feet  in  depth,  the  bottom  of 
the  lodgment  being  about  the  same  level  as  high  water  of 
spring  tides  in  the  Mersey.  In  the  bottom  of  this  well  are 
no  less  than  sixteen  bore-holes,  some  of  which  are  600  feet 
in  depth,  and  these  yield  collectively  rather  more  than  a 
million  gallons  per  day.  From  some  experiments  which 
Mr.  Stephenson  made  on  these  bore-holes,  it  appeared  that 
when  all  were  plugged  up  except  one,  the  yield  was  921,192 
gallons  per  day,  and  when  the  whole  sixteen  were  opened 
the  yield  was  only  increased  by  112,792  gallons,  from  which 
it  would  seem  that  a  very  unnecessary  outlay  of  money 
must  have  been  made  in  sinking  so  many  bore-holes  close 
together,  since  very  nearly  as  much  water  was  obtained  from 
one  as  from  the  whole  sixteen.  When  not  acted  on  by 
pumping,  the  water  stands  in  the  Bootle  lodgment  22  feet  in 
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depth  above  the  bottom,  but  when  reduced  by  pumping  the 
general  level  is  only  about  6  feet  from  the  bottom. 

The  Green  Lane  well  is  185  feet  in  depth,  the  bottom 
being  about  63  feet  below  high  water  of  spring  tides  in  the 
Mersey,  and  44  feet  below  the  old  dock  sill.  When  not 
acted  on  by  pumping,  the  water  stands  147  feet  above  the 
bottom  of  the  well,  but  the  general  level  during  the  pumping 
is  only  about  11  feet  7  inches  above  the  bottom.  When 
Mr.  Stephenson  reported  in  1850,  the  yield  of  this  well  was 
991,118  gallons  per  day  on  the  average.  Since  that  time  a 
boring  of  98  feet  deep  has  been  made  in  the  bottom  of  the 
well,  and  the  average  yield  has  thereby  been  increased  to 
2,413,068  gallons  per  day,  or  more  than  double  the  produce 
of  the  well  alone. 

The  Windsor  well  is  210  feet  deep,  the  bottom  being  37 
feet  below  high  water  mark  in  the  Mersey.  The  water  wdien 
not  acted  on  by  pumping  stands  at  a  depth  of  70  feet  above 
the  bottom,  and  the  general  level  during  the  pumping  is  five 
feet ;  the  average  yield  of  this  well  in  1850  was  678,560 
gallons  per  day.  A  boring  214  feet  deep  has  since  been 
made  in  the  bottom,  which  has  increased  the  yield  to 
1,020,423  gallons. 

It  has  been  asserted  with  some  degree  of  probability 
that  the  large  increase  at  these  two  wells,  and  especially 
at  Green  Lane,  is  due  to  the  infiltration  of  water  from  the 
Mersey. 

The  public  wells  of  Liverpool,  from  wbich  the  town  has 
been  supplied  for  many  years,  aro  seven  in  number.  Tboy 
are  all  situate  within  the  area  of  a  circle  of  throe  miles  radius 
from  the  centre  of  tho  town,  the  most  distant  being  the 
Bootlo  well,  which  is  situate  on  the  edge  of  such  an  imaginary 
circle.  The  following  table  contains  the  particulars  of  the 
wells  as  to  depth,  diameter,  &C. 
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Particulars  of  the  Public  Wells  at  Liverpool. 


Name  of 
Well. 

1 

Size  and  shape  of  shaft. 

4? 

CJ 
eg 

.3 

CD 
j> 
t> 
EM 

o 

ft 

o 

p 

Bottom  above  high  water  mark 
of  spring  tides. 

Bottom  below  high  water  mark 
of  spring  tides. 

Level  at  whicli  water  stands 
when  not  acted  on  by 
pumping.* 

Level  at  whicli  water  stands 
when  subject  to  pumping.* 

Average  daily  vicld  at  end  of 
1849. 

Ave  age  daily  yield  in  1854. 

XcU  1 1  LI  I  lis- 

Bootle  ... 

Reving-  ) 
ton 

Bush  ...) 
Soho   

Hotham- 
street ... 

Water- 
street  . . . 

Windsor 

10  x  G 
oval. 

8x6 
oval. 
7  x  6 
oval. 
9x6 
oval. 
12  x  10 
oval. 

45 

150 
123 
110 
150 
210 

2 

G5 
39 
26 
52 
37 

+24 

—19 
—17 
—12 
—38 
+33 

+  8 

—56 
—31 
—21 
—45 
—32 

Gallons. 
180,691 

180,S75 
497,869 
216,381 
119,264 
07S,560 

Gallons. 
681,008 

252,737 
509,732 
229,201 
402,344 
1,020,493 

The  sink- 
ing con- 
sists of  a 
large 
lod^e 
and'  16 
bore 
holes. 

Increase 
due  to  a 
boring 
214  feet 
in  depth. 

Gh  een-lane 

10  feet 
circular. 

1S5 

+84 

-51 

991.11S 

2,413, 06S 

increase 
due  to  a 
boring- 
OS  feet 
in  depth. 

*  The  +  sign  in  these  columns  indicates  that  the  height  marked  is  above  liigh 
water  mark. 

The  —  sign  indicates  that  the  depth  is  below  high  water  mark. 

Volume  of  water  yielded  by  the  seven  public  wells  of 
Liverpool : — 

At  the  time  of  Mr.  Stephenson's  report  in  1850  the  maxi- 
mum yield  of  all  the  seven  wells  amounted  to  5,170,486 
gallons  per  day  of  24  hours,  the  minimum  yield  to  3,320,990 
gallons,  and  the  yield  at  the  ordinary  working  level  was 
4,216,784  gallons  per  day. 

This  being  the  yield  of  the  wells  at  that  time,  Mr. 
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Stephenson  observes  in  his  report,  that  the  expectation  of 
much  augmenting  this  quantity,  either  by  sinking,  boring, 
or  tunnelling,  cannot  be  entertained  ;  and  that  any  increase 
obtained  by  deepening  the  wells  would  only  be  temporary, 
and  will  only  take  place  to  the  same  extent  as  the  private 
supply  of  water  is  diminished.  He  is  further  of  opinion 
that  the  deepening  of  the  public  wells  will  render  it  neces- 
sary to  deepen  also  the  private  wells ;  and  then  comes  this 
most  important  observation,  which  has  been  before  alluded 
to — "  and  it  cannot  be  doubted  that  a  large  proportion  of 
any  increase  would  be  derived  from  the  river  Mersey,  as  all 
the  wells  are  now  sunk  to  or  below  the  level  of  low  water, 
and  many  yield  brackish  water." 


Tatile  showing  the  Comparative  Yield  of  the  Wells  in  1850 

axd  1854. 


Yie'd  in  24 
hours  taken 
from  the  ]  lip 
Books  for  the 
last  quarter  of 
1849. 

Daily 
Yield  for  1S54, 

taken  from 
Mr.  Duncan's 
evidence  in  the 
Wolverhamp- 
ton Water 
Works  Bill, 
1S55. 

Increase. 

Decrease. 

Bootlo     .    .  . 
Rush  .... 
Soho  .... 
Hotham  Street. 
Water  Street  . 
Windsor.    .  . 
Green  Lane.  . 

Gallons. 
850,691 
180,875 
497,809 
216, 3S1 
419,201 
078,500 
991,118 

Gallons. 
8S1,008 
252,737 
609,732 
229,201 
402.344 
1,020,493 
2,413,008 

Gallons. 
30,317 
71.862 
11,S63 
12,820 

341,933 
1,421,950 

Gallons. 
10,920 

3,831,758 

5,7'JS,5S3 

l,S90,74o 

16,920 

The  large  increase  at  Windsor  and  Green  Lano  has  been 
occasioned  by  borings  which  have  been  ma  do  since  the  date 
of  Mr.  Stephenson's  report.  But  independently  of  these  two 
wells,  there  lias  been  an  increase  in  all  the  other  five  excopt 
Water  Street.  Tho  increase  in  tho  first  four  is  equal  to 
]2(>,H02  gallons  per  day,  and  if  we  deduct  the  falling  off  of 
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16,920  at  Water  Street,  we  have  an  increase  in  the  whole 
group  =  109,942  gallons  per  day. 

This  increase,  however,  is  not  confirmed  hy  the  observa- 
tions which  were  made  in  1850  by  Mr.  Stephenson's  assist- 
ants, of  which  a  table  will  now  be  given  :— 


Name  of  Well  and 
Da:e  of  Observation. 

Yield  in  24 
hours  at 
practical 
working  level. 

Yield  in  24 
hours  accord- 
ing to 
3\Ir.  Duncan's 
table  for  1854. 

Increase. 

Decrease. 

Bootle,  ) 
Jan.  3,'  1850  } 
Bush,  ) 
March  11, 1850  j 
Soho,  1 
Jan.  16,  1850  / 
Hotham  St.,  ] 
Miirch,  1850  j 
Water  Street,  | 
Jan.  22,  1850  J 

979,944 
224,688 
547,715 
354,552 
511,488 

8S1,008 

252,737 
509,732 
229,201 
402,344 

2S,049 

98,936 

37,983 
125,351 
109,144 

2,618,387 

2,275,022 

28,049 

371,414 

So  that  according  to  this  table  the  falling  off  in  this  group 
of  five  wells  is  343,365  gallons  per  day,  Avhich  may  be  spread 
over  a  period  of  4J  years  =  76,303  gallons  a  year,  or  nearly 
2 -9  per  cent,  per  annum. 

It  is  true  the  records  kept  at  the  stations  show  rather  an 
increase  tban  a  decrease  between  1850  and  1854,  but  this  is 
inconsistent  with  what  has  been  observed  elsewhere,  and 
what  has  always  been  admitted  in  the  case  of  new  red  sand- 
stone wells.  As  Mr.  Stephenson's  experiments  in  the  begin- 
ning of  1850  gave  a  higher  result  than  the  dip  books,  it 
is  probable  that  the  delivery  of  the  pumps  had  been  under- 
estimated at  that  time,  but  were  corrected  for  the  future. 
Hence  I  think  it  most  fair  to  compare  Mr.  Stephenson's 
quantities,  as  given  in  the  last  table  with  Mr.  Duncan's  for 
1854. 

Table  of  maximum  yield  of  wells,  at  lowest  level,  in  the 
banning  of  1850,  and  the  same  for  1854  : — 

ii  3 
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Maximum 
yield  in  24 
houi  s  in  the 
beginning  of 
1850. 

Maximum 
yield  in  24 
hours  in  1854. 

Increase. 

Decrease. 

Bootle    .    .  . 
Bush  .... 
Solio  .... 
Hotham  Street. 
Water  Street  . 
"Windsor .    .  . 
Green  Lane .  . 

1,102,065 
395,983 
664,385 
436,092 
715,550 
660,864 

1,248,816 

1,102,000 
333,984 
609,528 
oo'i,UUU 

578,907 
1,028,000 
2,605,812 

367,136 
1,356,996 

65 
61,999 
54,857 

79  fiQ9 
/  i,oy— 

136,643 

Showing  a  considerable  falling  off  in  all  except  the  two  last, 
in  which  additional  borings  have  been  made  to  obtain  an 
increased  supply  of  water. 

Table  showing  the  falling  off  in  the  wells,  comparing  the 
whole  quantities  raised  in  1849  and  1854,  respectively : — 


Bootle  .  .  . 
Bush  .... 
Soho  .... 
Hotham  Street. 
Water  Street  . 
Windsor  .  . 
Green  Lane 


Total  water 
raised  according 
to  Mr.  Stephen- 
son in  1849. 
329,486,250 
95,433,850 
168,812,589 
80,783,436 
150,038,675 
252,922,650 
367,378,629 


Total  raised 
according  to 
Mr.  Duncan 
in  1S54. 

321,567,770 
92,250,018 
186,052,194 
83.658,450 
146,855,645 
372,480,000 
8S0, 709,922 


Mr.  Duncan  makes  the  following  observation  on  the 
Liverpool  public  wells,  in  his  evidence  before  the  Commis- 
sion on  Metropolis  Water  Supply  in  18G8  : — 

• '  The  original  supply  from  the  wells  has  been  partly 
discontinued,  the  Hotham  Street,  Bush,  and  Soho  Street 
wells  being  abandoned  ;  but  the  present  supply  from  Green 
Lane,  Windsor,  Bootle,  Water  Street,  and  Dudlow  Lane  is 
between  38,000,000  and  39,000,000  gallons  per  week.  The 
quantity  originally  raised  from  the  well  sources  was  about 
35,000,000  a  week,  and  the  greatest  amount  ever  raised  was 
between  42,000,000  and  43,000,000  gallons.  In  the  month 
of  November,  1866,  the  amount  drawn  from  the  present 
well  sources  averaged  between  39,000,000  and  40,000,000 
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gallons  a  week.  There  appears,  with  one  exception,  to 
have  been  a  gradual  falling  off  in  the  supply  from  the  well 
sources  ;  in  fact,  the  continual  pumping  has  occasioned  a 
great  depression  in  the  water  level.  In  the  case  of  Bootle, 
which  is  here  referred  to,  the  original  supply  was  900,000 
gallons  per  diem,  but  upon  sinking  the  well  a  further  depth 
of  70  feet,  making  a  total  of  100  feet,  the  supply  has  been 
increased  to  1,000,000.  At  Green  Lane,  in  1855,  the  supply 
per  diem  was  3,300,000,  but  in  1866  it  was  down  to 
3,000,000.  Dudlow  Lane  is  a  new  station,  and  the  yield 
per  diem  is  equivalent  to  400,000  gallons.  In  1867, 
three  more  wells  were  in  course  of  sinking,  but  it  is  not 
known  to  us  with  what  results.  The  water  from  the  red 
sandstone  is  very  hard,  and  as  a  fact  it  was  found  that  at 
Green  Lane  the  original  degree  of  hardness  was  whilst 
in  1867  it  had  increased  to  7  degrees." 

Some  representations  were  made  in  1866  by  Dr.  French, 
the  medical  officer  of  health,  against  the  practice  of  supply- 
ing part  of  the  town  with  hard  water,  and  other  districts 
with  soft,  or  Rivington  water.  The  consequence  is  that  the 
practice  has  been  discontinued,  and  a  perfectly  mixed  supply 
is  now  distributed  to  all  parts  of  the  town. 


COST   OF  PUMPING  FROM   WELLS   AT  LIVERPOOL. 
TaULE  SHOWING  THE  QUANTITY  OF  WATER  RAISED  IN   1849,  AND  THE 

Cost  of  Pumping  at  the  Several  Stations. 


K'arae  of  Station. 

Total  water 
raised. 

Water  used 
for  condens- 
ing at 
Windsor. 

Total  cost  per 

annum  of 
raising'  water. 

Cost  per 
annum  of 
raising- 
1  million 
gallons. 

Water  raised 
per  day. 

£       s.  d 

c  s.  a. 

Bootle .    .  . 

329,486,250 

1445    3  3 

4    7  8 

902,702 

Bush   .    .  . 

95,433,850 

716    3  5 

7  lo  l 

261,463 

Soho    .    .  . 

168,812,589 

833  17  1 

4  18  9 

462,600 

Ilotham  St.  . 

80,783,436 

603    4  8 

7    9  4 

221,334 

Water  Street 

150,338,675 

874    7  10 

5  16  (i 

4  11.065 

Windsor  .  . 

252,922,650 

20,233,812 

949    0  3 

4    1  G 

037, .".(i  1 

Green  Lane  . 

307,378,029 

920    2  7 

2  1U  1 

1,000,517 

3,903,085 

 .  J 
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The  following  table  shows  the  comparative  cost  of  raising 
the  water  in  1849  and  1854.  As  the  water  at  each  well  is 
pumped  into  a  reservoir,  the  second  column  of  the  table 
shows  the  lift  in  feet  at  each  well,  and  enables  us  to  derive 
the  cost  per  100  feet  of  lift. 


Name  of  Station. 

Lift  in 
feet. 

Cost  per 
million 
galls,  in 
1849. 

million  galls, 
in  1854. 

Cost  per  million  gallons 
raised  10U  feet  li  gh. 

In  1849. 

In  1854. 

£     s.  d. 

£    a-  d. 

£    s.  d. 

£    s.  d. 

Bootle  .    .  . 

170 

4    7  8 

3    2  llf 

2  11  7 

1  17  0 

Bush    .    .  . 

228 

7  10  1 

5  10  m 

3    5  9 

2    8  8 

Soho     .    .  . 

217 

4  18  9 

4    6  3" 

2    0  0 

1  14  11 

Hotham  St.  . 

205 

7    9  4 

8    3  4 

3  12  10 

3  19  8 

Water  Street . 

257 

5  16  6 

4    4  5f 

2    5  4 

1  12  101 

Windsor    .  . 

287 

4  16 

2  12  0 

1    8  5 

0  18  1* 

Green  Lane  . 

270 

2  10  1 

2    2  5f 

0  18  6 

0  15  9" 

One  or  two  facts  are  worthy  of  notice  in  this  table,  in 
which  the  cost  includes  every  expense  of  labour,  coals,  oil, 
tallow,  &c,  but  no  allowance  in  either  case  for  wear  and 
tear,  or  depreciation  of  engines,  pumps,  &c.  In  the  first 
place,  the  only  two  stations  which  afford  any  proper  guide  to 
pumping  expenses,  are  Windsor  and  Green  Lane.  The 
engines  at  all  the  other  stations  are  old,  and  are  only  em- 
ployed until  the  new  supply  is  obtained  by  means  of  the 
Eivington  Pike  Works.  It  will  be  observed  that  in  1849  the 
cost  of  raising  Avater  100  feet  high  was  four  times  greater  at 
Hotham  Street  station  than  at  Green  Lane  ;  while,  in  1854, 
the  disproportion  is  still  greater,  the  cost  at  Hotham  Street 
being  now  five  times  as  much  as  at  Green  Lane.  So  much 
for  bad  engines  and  machinery. 

The  absolute  cost  of  raising  the  water  seems  to  have  been 
reduced  at  all  the  stations  since  1819,  except  at  Hotham 
Street,  where  the  cost  is  greater  now  than  at  tho  time  of 
Mr.  Stephenson's  report.  The  diminution  at  all  the  other 
stations  is  due  to  the  watchful  euro  and  supervision  exercised 
by  Mr.  Duncan,  the  able  engineer  of  the  corporation,  whoso 
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system  of  tabulating  the  accounts,  and  keeping  the  chief 
results  constantly  under  his  own  eye,  cannot  be  too  highly 
commended. 

The  cost  of  raising  1,000,000  gallons,  100  feet  high,  at 
the  East  London  works  by  various  kinds  of  engines,  is  given 
below  on  the  authority  of  Mr.  Wicks  teed. 

By  a  single-acting  engine  by  Boulton  and  Watt  &    *■'  * 

(average  of  2  years'  working)  2    5  3 

Two  single  pumping  engines  by  Boulton  and  Watt 

(average  of  10  years' working)  1    9  10 

Two  other  single  pumping  engines,  also  by  Boulton 

and  Watt  (average  of  10  years'  working)  ...  1  7  9 
By  a  single-acting  Cornish   engine,  erected  by 

Harvey  and  Co.  (average  of  4  years'  working)  .    0  12  6 

COST  OF  PUMPING  STATIONS  AT  LIVERPOOL. 

Mr.  Stephenson  says  the  cost  of  the  Windsor  station  was 
nearly  £30,000,  but  there  is  a  valuable  piece  of  land  attached 
to  it.  The  Green  Lane  station,  at  the  time  of  his  report, 
was  still  incomplete,  but  had  then  cost  upwards  of  £19,OOo' 
The  following  are  the  details  of  the  entire  cost  of  this  station,' 
as  obtained  from  Mr.  Duncan  :  

Cost  of  the  well     ....  nr  un  ' 
 ±o,b00 

Lost  of  the  John  Holmes  engine  and  two  pumps. 
(The  engine  has  a  50-inch  cylinder,  and  worked 
on  the  average  in  1854  up  to  64-horse  power)     .  5,782 

Building  engine  house,  boiler  house,  and  stand-pipe 
tower   4,278 

Cost  of  the  George  Holt  engine  of  52-inch  cylinder, 
(worked  to  an  average  of  76  horse-power  during 
1854)  including  buildings,  boilers,  pumps,  and 
fixinS   6,500 

Cost  of  Green  Lane  Station  £2^160 

At  the  time  of  Mr.  Stephenson's  report  (March,  1850)  the 
population  of  Liverpool  to  be  supplied  with  water  was  about 
400,000,  for  which  Mr.  Stephenson  estimates  a  quantity  of 
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8,000,000  gallons  per  day,  being  at  the  rate  of  20  gallons  per 
head.  The  increase  of  inhabitants  between  1831  and  18-41 
appears  to  have  been  39-6  percent.,  so  that,  according  to  this 
rate  of  increase,  Mr.  Stephenson  assumes  the  population  in 
1861  will  be  557,500,  and  the  volume  of  water  then  required 
will  be  increased  to  11,150,000  gallons  per  day. 

Supposing  a  supply  of  only  8,000,000  gallons  a  day  to  be 
required,  he  estimates  that  as  Green  Lane  and  Windsor 
wells  yielded  together  2,000,000  gallons,  or  one-fourth  of 
the  required  quantity,  six  new  stations  should  be  erected 
equally  complete  in  every  respect  with  these  two  large 
ones.  He  estimates  that  each  of  these  new  stations  would 
cost  £20,000,  because,  although  the  land  for  some  of  them 
would  cost  less  than  at  Green  Lane  and  Windsor,  a  greater 
amount  of  engine-power  would  be  required. 

Estimate  of  the  Cost  of  a  System  of  Wells  for  Liverpool. 

Mr.  Stephenson  then  assumes  six  new  stations,  in- 
cluding shafts  and  steam  engines  £120,000 

Mains  to  connect  these  stations  with  proposed  re- 
servoir, at  Kensington  -  48,000 

168,000 

Contingencies  17,000 
Total  £185,000 

to  supply  8,000,000  gallons,  which  would  have  to  be  in- 
creased to  £277,000  for  the  supply  of  11,000,000  gallons, 
the  quantity  which  will  be  required  at  the  end  of  about  ten 
years. 

ARGUMENT  IN  FAVOUR  OF  HAVING  SEVERAL  STATIONS  FOR  THE 
SUPPLY  OF  WATER. 

The  value  of  concentration,  according  to  Mr.  Stephenson, 
is  not  so  important  in  water  works  as  in  the  case  of  some 
manufactures.  On  the  oilier  hand,  the  number  of  stations 
is  supposed   to  afford  an  opportunity  for  dispensing  with 
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duplicate  engines.  It  is  obvious  that  when  several  stations 
are  at  -work,  the  failure  of  one  will  produce  slight  incon- 
venience, and  a  surplus  may  always  be  provided  in  the 
shape  of  an  additional  station,  to  be  worked  in  case  of  need. 

There  are,  probably,  no  large  water  works  with  so  small 
an  amount  of  surplus  engine  power  as  the  present  pumping 
stations  at  Liverpool,  where  the  engines  work,  for  the  most 
part,  night  and  day  without  intermission,  and  nearly  up  to 
their  full  power.  No  inconvenience  has,  hitherto,  been  ex- 
perienced from  this,  because  if  the  engine  at  one  station  is 
out  of  order,  there  are  six  other  stations  from  which  the 
supply  still  goes  on.  Another  argument  which  Mr.  Stephen- 
son gives  in  favour  of  detached  pumping  stations,  is  that  all 
the  water  need  not  be  pumped  to  the  highest  reservoir,  but 
that  the  different  levels  of  the  town  may  be  supplied  from 
the  most  suitable  stations. 

ANNUAL  EXPENSE  OF  PUMPING  STATIONS. 

Mr.  Stephenson  thus  estimates  the  annual  cost  of  raising 
1,000,000  gallons  per  day  at  Green  Lane  and  Windsor 
stations. 

For  current  expenses,  including  superintendence  .    .  £1,100 
Depreciation  upon  engines  and  machinery,  engine 

houses  and  cooling  ponds,  £11,200  at  2  per  cent.    .  224 

£1,324 

At  each  new  station  he  estimates  the  expense  as  follows  : — 

Current  expenses,  including  superintendence    .    .    .  £1,100 
Depreciation  upon  engines  and  machinery,  engine 

houses  and  cooling  ponds,  £12,000  at  2  per  cent.    .  240 

Depreciation  of  mains,  £8,000  at  £  per  cent.    ...  20 

Interest  on  capital,  namely,  £30,800  at  ih  per  cent.  .  1,386 

Compensation  to  landowners   2-50 

Annual  cost  of  each  new  station    .    .  £2,996 
Mr.  Stephenson  then  gives  the  following  table,  showing  the 
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annual  cost  of  obtaining  from  8  to  14,000,000  gallons  per 
clay,  estimating  each  of  the  old  stations  at  an  expense  of 
£1,824,  and  each  of  the  new  ones  at  £2,996. 


Cost  a  year. 


£ 

20,624 
23,620 
26,016 
29,012 
32,608 
35.601 
38,600 


A  well  or  system  of  wells  being  already  in  existence,  whether 
it  is  advisable  to  seek  for  an  increase  in  the  yield  by  driving 
adits  from  the  bottom,  or  by  sinking  new  wells  ? 

Mr.  Stephenson  then  discusses  this  question  with  much 
clearness  and  ingenuity.  He  first  explains  what  is  called  the 
cone  theory  in  well  sinking,  namely,  that  the  mass  of  earth 
drained  by  a  well  may  be  viewed  as  an  inverted  cone,  of 
which  the  apex  is  the  bottom  of  the  well,  and  the  base  is  a 
circle  at  the  surface  of  the  ground.  Also,  in  tbis  cone,  the 
sloping  sides  represent  the  inclined  surface  of  the  water, 
flowing  in  all  directions  towards  the  well. 

As  the  pumping  proceeds,  the  angle  formed  by  the  sides 
of  the  cone  becomes  more  and  more  obtuse,  or  in  other 
words,  the  sides  of  the  cone  become  less  vertical,  and  more 
nearly  horizontal,  "until,"  in  the  words  of  Mr.  Stephenson, 
"  an  inclination  is  established,  when  the  friction  of  water  in 
moving  through  the  pores  and  fissures  of  the  rock,  is  in 
eciuilibrium  with  the  gravity  upon  the  plane."  Mr.  Stephen- 
son observes  that  when  once  this  condition  of  equilibrium  is 
established,  all  further  pumping  is  useless,  as  the  water  will 
simply  be  gradually  lowered,  until  the  well  is  exhausted  ; 
and,  of  course,  no  addition  of  pumping  power  will  increase 
the  yield  of  the  well. 


To  obtain 


8  million  gallons 

9 
10 
11 
12 
13 
14 


Old  Stations. 


2 
2 
2 
2 
2 
2 
2 


New  Stations. 


7 

8 
9 

10 
11 
12 
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When  an  existing  well  is  thus  exhausted,  three  courses 
present  themselves.  1st,  to  deepen  the  well  by  sinking  bore 
holes  at  the  bottom ;  2ndly,  to  drive  adits  from  the  bottom, 
and  thus  increase  the  surface  drained  by  the  well;  and 
3rdly,  to  sink  a  new  well  in  another  spot.  Mr.  Stephenson 
does  not  recommend  the  first  expedient  in  the  case  of  Liver- 
pool, because  all  the  public  wells,  except  the  Bootie,  have 
already  been  sunk  to  the  level  of  low  water  mark,  and  he  is 
of  opinion,  if  the  sandstone  be  as  pervious  as  it  has  been 
proved  to  be,  any  addition  of  the  depth,  either  by  sinking  or 
boring,  would  have  the  effect  of  admitting  water  from  the 
Mersey,  and  consequently  very  much  impairing  the  quality 
of  the  water. 

Mr.  Stephenson  next  shows  that  the  second  expedient,  that 
of  driving  tunnels,  so  as  to  make  what  is  technically  called 
a  lodge  or  lodgment  for  the  water,  is  principally  useful  where 
the  pumping  is  periodical,  but  that  it  does  not  much  increase 
the  drainage  area  of  the  well.  In  illustration  of  this  view  he 
gives  a  diagram  (fig.  17),  which  he  thus  describes  :  "  Let  us 


suppose  that  a  well  is  sunk  at  A,  and  that  it  drains  an  area 
represented  by  the  circle  BODE,  and  that  a  tunnel  is 
driven  from  A  towards  D,  say  one  mile  in  length,  and  that 
mother  well  is  sunk  at  D  upon  tho  extremity,  or  upon  the 
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terminus  of  this  tunnel.  The  only  effect  of  this  would 
be  to  increase  the  drainage  area  of  the  well  A  by  the  area 
F  R  O,  together  with  the  small  triangular  pieces  shown  on 
the  figure  ;  whereas,  instead  of  the  tunnel  being  driven  from 
A  to  D,  if  the  well  at  D  had  been  sunk  at  H  the  area 
drained  would  have  been  double  that  which  was  originally 
drained  by  A."  After  viewing  the  subject  in  all  its  bearings, 
Mr.  Stephenson  is  of  opinion  that  increasing  the  number  of 
wells  is  likely  to  be  a  more  permanent  source  of  supply  thaD 
extensive  tunnelling.  At  the  same  time  he  observes  that  the 
latter  admits  of  an  easy  mode  of  connecting  the  various 
sources  of  supply,  and,  consequently,  of  concentrating  the 
whole  of  the  pumping  establishments. 

It  appears  from  the  evidence  given  before  Mr.  Stephen- 
Bon,  and  from  the  evidence  in  1843  on  the  Liverpool  Water- 
ing Bill,  that  the  Windsor  well,  which  is  210  feet  in  depth, 
affected  the  surrounding  wells  to  a  maximum  distance  of  a 
mile  and  three-quarters. 

ON   THE    FLUCTUATION  OF   LEVEL  IN  THE  WATER   OF  THE 
LIVERPOOL  WELLS. 

There  are  some  interesting  notes  and  observations  made 
on  this  subject.  A  series  of  dip  boohs,  kept  in  the  year 
1844,  show  that  in  the  Windsor  well  the  water  usually 
stood  on  Monday  morning  at  about  75  feet  above  the  bottom, 
and  on  Saturday  night  at  au  average  of  about  40  feet.  This 
effect  of  the  pumping  during  the  week  appears  to  have  con- 
tinued without  much  variation  until  June,  1845,  when  the 
engine  began  to  work  24  hours  a  day  instead  of  12.  The 
effect  of  this  increased  amount  of  pumping  is,  unfortunately, 
not  recorded. 

In  October,  1815,  the  engine  commenced  its  previous 
mode  of  working  during  the  day  only.  The  levels  of  the 
water  at  this  time  were  75  feet  above  the  bottom  on  Monday 
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mornings,  and  on  Satm,(lay  uightg  ^  ^  ^  ^ 
1846  when  accurate  records  were  again  kept,  the  depths  on 
Monday  morning  and  Saturday  evening  were  respectively 
66  feet  and  24  feet,  and  these  depths  seem  to  have  con 
fanned  nearly  the  same  till  April,  1847,  at  or  about  which 
period  a  larger  pump  was  applied.    At  the  end  of  May  in 
Bus  year  the  levels  of  the  water  on  Mondays  and  Satur- 
days were  respectively  39  feet  and  14  feet.    These  levels 
diminished  from  this  time  till  February,  1848,  when  they 
were  17  feet  and  9  feet,  and  still  further  diminished  till 
December,  1849,  when  they  became  14  feet  5  inches  and 
8*  inches,  respectively.    This  state  of  the  water  on  Satur- 
day night  clearly  showed  that  as  much  water  was  being 
pumped  from  the  well  as  it  was  capable  of  yielding 

Bearing  on  this  part  of  the  subject,  the  appendix  to  the 
report  contains  some  very  valuable  tables  showing  the  re- 
markable falling  off  in  the  yield  of  certain  wells 

It  appears  from  the  evidence  of  Mr.  Thompson  on  the 
Liverpoo  Watering  Bill  in  1843,  that  the  Windsor  well  in 
April  ot  that  year  yielded,  per  day,  1,152  000  • 

^f"  °bs«™«™  in  J"m,i"'J''  1850<  ««>  yieW 

634,752  gallons  ; 

andtfus  latter  agrees  nearly  with  the  records  of  the  Duty 

_  It  appears,  then,  that  in  the  first  5  years  the  yield  dimi- 
nished at  the  rate  of  nearly  6  per  cent,  per  annum 

In  the  next  21  mouths,  the  diminution  was  at  the  rate  of 
7-2  per  cent  or,  taking  the  smaller  yield  to  be  correct,  at 
the  rate  of  11  per  cent. 

Similar  experiments  were  made  on  the  Green  Lane  well 
from  which  it  appeared  that  the  falling  off  in  22  months,' 
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from  May,  1848,  to  March,  1850,  was  at  the  rate  of  6  per 
cent,  per  annum,  according  to  one  set  of  observations,  and 
at  the  rate  of  4-7  according  to  the  other. 

Several  observations  are  given  to  show  the  falling  off  in 
the  yield  of  two  railway  wells  at  Edge  Hill,  but  as  this 
appears  to  be  due  to  the  sinking  of  bore-holes  in  the  vicinity, 
they  are  not  suitable  cases  to  show  the  gradual  and  general 
falling  off  in  the  yield  of  new  red  sandstone  wells. 

The  following  are  the  conclusions  which  Mr.  Stephenson 
draws  from  a  careful  consideration  of  the  facts  which  he  col- 
lected : — 

"  That  an  abundance  of  water  is  stored  up  in  the  new  red 
sandstone,  and  may  be  obtained  by  sinking  shafts  and  driving 
tunnels  about  the  level  of  low-water. 

"  That  the  sandstone  is  generally  very  pervious,  admitting 
of  deep  wells  drawing  their  supply  from  distances  exceeding 
one  mile. 

"That  the  permeability  of  the  sandstone  is  occasionally 
interfered  with  by  faults  or  fissures  filled  with  argillaceous 
matter,  sometimes  rendering  them  partially  or  wholly  water- 
tight. 

"  That  neither  by  sinking,  tunnelling,  nor  boring,  can  the 
yield  of  any  well  be  very  materially  aud  permanently  in- 
creased, except  so  far  as  the  contributing  area  may  be 
thereby  enlarged. 

"  That  the  contributing  area  to  any  given  well  is  limited 
by  the  amount  of  friction  experienced  by  the  movement  of 
the  water  through  the  fissures  and  pores  of  the  sandstone ; 
and 

"  That  there  is  little  or  no  probability  of  obtaining  per- 
manently more  than  about  1,000,000  or  1,200,000  gallons  a 
day  from  each  well,  and  this  only  when  not  interfered  with 
by  other  deep  wells." 
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THE  PALiEOZOIC  SERIES. 

It  is  proposed  to  glance  at  the  great  formations  composing 
this  series  in  a  more  rapid  and  general  manner  than  that 
which  has  been  adopted  for  the  mesozoic  and  tertiary  groups. 
In  this  country  especially,  although  highly  important  in  a 
geological  point  of  view,  the  Palaeozoic  rocks  are  much  less 
within  the  range  of  hydraulic  investigations  than  those  which 
have  hitherto  been  considered.  With  the  exception  of  a  few 
large  towns,  situate  on  the  coal  measures,  and  a  still  smaller 
number  on  the  old  red  sandstone  and  Silurian  rocks,  most  of 
these  old  formations  are  without  any  large  centres  of  popula- 
tion, and  therefore  do  not  possess  the  same  interest  for  the 
hydraulic  engineer  as  the  new  red  sandstone  and  other  more 
recent  formations.  It  is  true,  many  of  the  older  rock  dis- 
tricts, especially  the  carboniferous  limestone,  the  millstone 
grit,  and  even  the  slate  rocks  of  the  Silurian  and  Cambrian 
series,  furnish  the  gathering  or  drainage  ground,  from  which 
some  of  the  largest  and  most  important  towns  in  the  king- 
dom are  in  future  to  be  furnished  with  their  supply  of  water. 
Liverpool  and  Manchester  are  both  now  supplied  from  the 
elevated  region  of  millstone  grit  which  surrounds  them. 
Bristol  is  already  supplied  from  the  carboniferous  hills 
of  the  Mendip  district,  and  Plymouth  has  been  supplied 
for  two  hundred  years  from  the  granitic  district  of  Dart- 
moor. Most  of  the  large  Scottish  towns,  as  Edinburgh, 
Glasgow,  and,  Aberdeen,  already  draw  their  water  from 
drainage  areas  on  the  surface  of  the  oldest  rocks  in  the 
country. 

Principal  subdivisions  of  the  Palaeozoic  rocks  below  the 
Permian  group : — 

Coal  formation.  Consisting  of  a  series  of  indefinite  alter- 
nations of  shales  and  grits,  or  sandstones  of  various  kinds, 
with  layers  of  coal  and  ironstono,  and  occasionally  but  rarely 
thin  beds  of  limestone,  thickness  about  3,000  feet. 
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Millstone  grit.  Consisting  sometimes  of  pebbly,  quartzoze 
gritstones,  and  sometimes  of  compact  felspathic  sandstones 
and  shales,  with  occasionally  thin  beds  of  coal  and  ironstone, 
several  hundred  feet  in  thickness  ;  but  in  Yorkshire  attain- 
ing a  thickness  of  1,000  feet. 

Carboniferous  limestone.  A  mass  of  calcareous  rocks,  con- 
sisting in  the  upper  and  lower  divisions  of  thin,  laminated, 
shaly  beds,  sometimes  with  argillaceous  partings,  and  in  the 
centre  portion  of  a  thick  mass  of  nearly  pure  thick  bedded 
limestones  without  clay  partings.  In  Yorkshire  containing,  in 
the  lower  part,  beds  of  coal.  Thickness  varying  from  500 
to  nearly  2,000  feet. 

Old  red  sandstone.  Consisting  of  arenaceous  conglomerates, 
sandstones,  and  argillaceous  rocks,  sometimes  containing  im- 
pure limestones  and  flagstones.  Exceedingly  variable  in 
thickness,  but  probably  not  less  than  3,000  feet  in  Hereford- 
shire, and  still  more  in  Devonshire. 

Silurian  group.  Consisting  of  sandstones,  limestones, 
shales,  conglomerates,  and  calcareous  flagstones,  many  thou- 
sand feet  in  thickness. 

Cambrian  group  or  lower  Silurian.  Consisting  of  sand- 
stones, indurated  argillaceous  rocks,  dark  laminated  lime- 
stones, fine  and  coarse  grained  slates,  &c,  also  several 
thousand  feet  in  thickness.  Below  these  are  micaceous  and 
chloritic  slates,  quartz,  and  other  rocks  in  Anglesea  and 
Carnarvonshire. 

The  coal  formation,  owing  to  the  alternation  of  porous 
grit  and  sandstone  beds  with  retentive  strata,  of  shales  and 
clay,  commonly  yields  a  moderate  supply  of  water  wherever 
wells  arc  sunk  into  it.  The  water,  however,  is  usually  of 
inferior  quality,  being  often  much  impregnated  with  iron.  It  is 
doubtful,  also,  whether  any  shaft  sunk  in  the  coal  measures 
would  yield  a  sufficient  quantity  of  water  for  the  supply  of 
a  large  town  ;  whether,  in  fact,  any  such  shaft  would  yield 
even  a  million  gallons  a  day.    "Water  is  indeed  often  trouble- 
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some  in  coal  mines,  and  we  frequently  hear  of  large  quantities 
having  to  be  pumped  out  in  order  to  keep  the  workings  dry. 
These  quantities  are,  however,  commonly  quite  insignifi- 
cant when  compared  with  those  required  for  consumption 
in  large  towns.  It  is  probable  that  the  numerous  faults 
which  occur  in  all  coal  measures,  and  which  are  frequently 
filled  up  with  impermeable  matter,  operate  to  cut  off  and 
isolate  the  water-bearing  strata  into  sections  of  limited  area  ; 
and  this  provision,  so  beneficial  to  the  miner,  is  evi- 
dently one  which  interferes  with  the  supply  of  water  to  be 
obtained  from  wells  or  shafts  sunk  for  the  purpose  of  water 
works. 

The  following  are  the  principal  towns  in  England  situate 
on  the  coal  formation  :  — 

Newcastle  and  Durham  in  the  coal  field  of  Durham. 
Leeds,  Huddersfield,  Barnsley,  Rotherham,  Sheffield,  Brad- 
ford, Wakefield,  in  the  Yorkshire  coal  field. 

Cardiff,  Merthyr,  Swansea,  Newport,  and  Pontypool,  in 
the  South  Wales  coal  field. 

The  millstone  grit  has  scarcely  any  towns  situate  upon  it, 
but  is  very  important,  especially  in  Lancashire  and  York- 
shire, as  furnishing  the  drainage  area  which  supplies  water 
to  several  of  the  principal  towns  in  the  kingdom. 

Lancaster,  Preston,  Liverpool,  Manchester,  Stockport,  Brad- 
ford, Leeds,  and  many  others,  are  all  supplied  from  the 
united  springs  and  surface  water  of  the  great  millstone  grit 
formation  which  constitutes  the  axis  of  what  has  been  dis- 
tinguished as  the  Pevine  chain  of  England. 

The  deep,  precipitous  valleys  of  the  millstone  grit,  the 
porous  strata  resting  on  the  impervious  limestone  shales 
which  throw  out  the  springs,  and  the  extraordinary  rainfall 
in  the  bleak  and  elevated  district  which  it  occupies,  all  con- 
tribute to  make  this  a  highly  desirable  water-collecting  for- 
mation. A  comparatively  small  surface  suffices  for  a  drain- 
age area ;  the  volume  of  drainage  water  is  further  swollen 
by  springs  which  usually  break  out  at  the  heads  and  sides  of 
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valleys  where  the  limestone  shale  begins,  and  the  detq  ly 
grooved  form  of  the  valleys  gives  peculiar  facilities  for  the 
construction  of  embankments  to  hold  up  the  water  in  storage 
reservoirs. 

The  carboniferous  limestone,  like  the  millstone  grit,  is 
equally  destitute  of  large  towns  situate  within  its  limits, 
although  there  are  several  large  towns  which  derive  their 
chief  supply  of  water  from  the  springs  and  streams  of  car- 
boniferous limestone  districts. 

The  great  central  mass  of  the  carboniferous  limestone 
admits  water  very  freely  to  pass  through  by  means  of  the 
numerous  fissures  by  which  it  is  fractured.  The  upper  and 
lower  shales  of  this  formation  are  probably  not  so  freely 
permeable  by  water. 

The  phenomena  of  springs  caused  by  faults  filled  up  with 
argillaceous  matter  in  limestone  districts  have  been  already 
alluded  to.    These  springs  are  very  common  in  Derbyshire, 
in  the  Gower  district  of  South  "Wales,  and  in  the  district  of 
the  Mendip  hills.  Copious  streams  of  beautifully  clear  limpid 
water  are  constantly  flowing  through  Leigh-upon-Mendip, 
Downhead,  and  other  villages  on  the  Mendip  hills.  These 
springs,  which  break  out  on  very  high  ground,  are  usually 
caused  by  faults  damming  up  the  water.  Nearly  every  range 
of  carboniferous  limestone  in  England  presents  examples  of 
streams,  and  sometimes  large  rivers,  being  engulphcd  for  a 
time  and  pursuing  a  subterranean  course  through  the  fissures 
and  cavities  of  the  limestone.    The  river  Manifold  and  its 
tributary,  the  Hamps,  are  well-known  examples  of  subter- 
ranean rivers  in  Derbyshire.    Both  these  rivers  flow  from 
tho  millstone  grit,  and  after  passing  over  the  lower  lime- 
stone shales  they  become  lost  in  caverns  of  the  great  lime- 
stone; and  alter  pursuing  a  subterranean  course  of  about 
four  miles  in  length,  the  two  rivers,  having  united  under 
ground,  appear  again  near  Ham  as  one  stream,  which  flows 
in  a  deep  cleft  of  tho  rocks  and  joins  tho  river  Dove,  near 
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Thorpe.*  The  Kibble,  the  Nid,  and  others  of  those  rivers 
which  rise  in  the  elevated  mountain  district  between  the 
counties  of  York  and  Westmoreland,  are  also  subterranean 
m  the  upper  part  of  their  course. 

The  sources  of  the  Ayr  and  the  Wharfe  which  rise  near 
the  base  of  Pennygent  mountain  in  the  western  moorlands 
of  Yorkshire,  are  also  subterranean  for  several  miles  during 
dry  seasons.  The  small  river  Greta  which  rises  in  York- 
shire, but  flows  westward  to  join  the  Lune  in  Lancashire,  is 
also  subterranean  for  some  part  of  its  course. 

The  same  phenomena  of  swallet  holes  and  subterranean 
rivers  present  themselves  in  the  district  of  Gower  and  in  the 
Mendip  hills.    Both  in  the  Mendip  and  in  Derbyshire  the 
ousiness  of  stopping  the  swallet  holes  in  order  to  prevent 
the  loss  of  the  water  is  a  regular  profession,  pursued  by 
some  of  the  most  cunning  and  artful  of  the  native  inha- 
bitants.   Their  services  are  highly  valued,  and  are  in  great 
request  in  dry  seasons  when  every  drop  of  water  becomes 
valuable.    Many  of  the  subterranean  courses  in  limestone 
valleys  are  of  comparatively  small  capacity ;  at  least  there 
are  certain  points  in  them  at  which  no  unusual  volume  of 
water  can  pass.    In  consequence  of  this  the  surplus  water 
which  cannot  pass  off  by  the  subterranean  channel  appears 
at  the  surface,  generally  at  the  bottom  of  a  deep  romantic 
valley,  cleft  through  the  solid  rocks  which  hem  it  in  on  both 
sides     In  wet  seasons,  therefore,  it  is  not  unusual  to  find  a 
brook  flowing  at  the  surface  in  the  bottom  of  a  valley,  while 
a  few  weeks  afterwards  during  a  drought,  the  brook  may 
have  disappeared  from  the  surface  and  be  confined  to  its 
subterranean  channel. 

Many  of  the  springs  from  the  carboniferous  limestone  are 
extremely  copious.    The  one  named  after  St.  Winifrid,  at 
*  In  the  Peak  district  of  Derbyshire,  many  small  tributaries  of' the 
Derwent  are  eng^phed  in  the  middle  limestone  rocks,  and  re-appear  fa, 
the  neighbourhood  of  Castlcton. 
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Holywell,  in  Flintshire,  mentioned  by  Messrs.  Gonybeare 
and  Phillips,  yields  nearly  seven  million  gallons  a  day. 
This  stream  in  its  short  course  to  the  sea,  of  about  one 
mile,  turns  no  less  than  eleven  mills,  three  of  which  are 
placed  abreast.  The  springs  dedicated  to  St.  Mary  and  St. 
Osward,  in  the  same  neighbourhood,  are  almost  equally 
copious.  Other  celebrated  springs  occur  at  Giggleswick  scar, 
on  the  road  from  Settle  to  Kirby  Lonsdale,  and  at  othez 
places  in  the  western  moorlands  of  Yorkshire. 

The  hot  springs  of  Buxton  and  Matlock,  in  Derbyshire, 
are  derived  from  mountain  limestone,  and  so  are  the  hot 
waters  of  Clifton,  near  Bristol. 

The  old  red  sandstone.  This  formation  is  chiefly  de- 
veloped in  Devonshire,  and  in  the  counties  of  Hereford, 
Monmouth,  and  Brecon.  The  principal  towns  on  it  are  Leo- 
minster, Hay,  Hereford,  Ledbury,  Ross,  Brecon,  Aberga- 
venny, Monmouth,  and  Newport.  In  North  Devon,  Barn- 
staple, Ilfracombe,  and  one  or  two  smaller  towns  are  situate 
on  the  old  red  sandstone  ;  while,  in  South  Devon  and  Corn- 
wall, there  are  Falmouth,  Bodmin,  Tavistock,  Plymouth,  and 
many  others  of  less  consequence. 

The  scenery  of  the  old  red  sandstone  is  characterised  by 
large  and  massive  features,  as  extensive  plains,  broad  valleys, 
and  occasionally  mountain  masses  of  considerable  height. 
There  have  been  few  embankments  made  across  old  red 
sandstone  valleys  in  this  country  for  the  storage  of  water,  nor 
docs  the  physical  conformation  of  the  valleys  afford  the  same 
facilities  for  this  as  in  the  millstone  grit  and  slate  districts. 

The  alternation  of  argillaceous  and  sandstone  beds  through- 
out this  formation  occasions  tho  water  to  be  held  up  at 
various  levels,  and  generally  throughout  the  districts  of 
Bedfordshire  and  Monmouthshire  the  wells  of  private 
houses  meet  with  abundant  supplies  of  water  at  no  great 
depths.  There  is  no  instance  of  any  well  being  sunk  in  the 
old  red  sandstone  for  the  purpose  of  procuring  any  largo 
supply  of  water. 
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The  towns  situate  on  the  Silurian  and  Cambrian  strata  of 
this  country,  and  on  the  granitic  and  syenitic  formations, 
are  so  unimportant  that  it  will  not  be  necessary  to  enter  into 
particulars  respecting  the  hydrography  of  these  groups. 


WELLS  AND  BORINGS  FOR  PROCURING  SUPPLIES  OP  WATER. 

The  commonest  form  of  well  is  that  sunk  into  a  bed  of 
sand  or  gravel  resting  on  an  impervious  substratum  of  clay 
Such  are  the  shallow  surface  wells  found  in  abundance  all 
over  the  metropolis,  and  such  afforded,  probably,  at  one 
time  the  best  supply  which  its  inhabitants  were  able  to  pro- 
cure.   Wells  of  this  kind  are  still  existing,  and  are  still  used 
in  many  towns  which  are  built  on  deposits  of  sand  or  gravel 
resting  on  a  bed  of  clay.    In  digging  such  wells  it  is  not 
necessary  to  sink  down  to  the  clay,  but  only  to  the  depth 
at  which  the  gravel  or  other  porous  stratum  is  saturated; 
and  this  is  frequently  found  to  be  by  no  means  a  uniform 
level  even  m  wells  which  are  situate  very  near  to  each  other. 

The  superincumbent  stratum  of  sand  or  gravel  being 
usually  situated  in  a  trough  or  depression  of  the  clay  it 
may  be  presumed,  theoretically,  that  the   basin  is  per- 
manently saturated  below  the  level  of  the  lowest  natural 
point  at  which  the  water  can  escape  or  flow  over  the  edge 
of  the  basin,  and  that  at  any  given  point  inside  the  basin, 
the  water  will  stand  at  a  certain  fixed  height  above  this  level 
of  overflow  or  saturation.    This  height,  again,  it  has  been 
sought  to  determine  theoretically  from  considerations  con- 
nected with  the  permeability  of  the  overlying  deposit.  There 
are  many  circumstances,  however,  which  conspire  to  render 
theoretical  deductions  erroneous  even  in  the  most  simple 
cases.    For  instance,  the  surface  of  the  clay  basin  may  bo 
i-cry  irregular,  as  indeed  it  commonly  is.    It  may  have  becu 
traversed  by  ancient  water  courses  which  have  left  ridges 
aid  hollows,  while,  beside  all  this,  there  may  have  been 
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subterranean  movements  either  before,  at,  or   after  the 
deposit  of  the  gravel  which  may  have  produced  rolls  or 
ridges  in  the  clay.    Hence  it  happens  that  from  natural 
causes  alone,  apart  from  the  effect  of  other  wells,  it  can 
seldom  be  predicted  with  certainty  at  what  height  the  water 
will  be  found  or  will  permanently  stand  in  such  surface  wells. 
Iu  all  basins  of  this  kind  the  water  must  be  conceived  as 
gradually  percolating  from  the  surface  downwards  towards 
the  level  at  which  it  can  escape,  sometimes  flowing  with 
comparative  freedom  through  materials  tolerably  porous, 
and  at  other  times  obstructed,  now  by  changes  in  the  nature 
of  those  materials,  and  now  by  dams  and  other  obstacles 
interposed  by  nature. 

I  have  said  that  such  wells  probably  furnished  at  one  time 
the  best  supply  obtainable  in  the  metropolis ;  but  all  this  is 
widely  altered  at  the  present  day,  for  since  the  immense 
increase  of  buildings,  the  soil  has  become  saturated  with  im- 
purities of  every  description,  which  can  scarcely  fail  to  have 
frightfully  contaminated  the  water  of  all  such  wells.  The 
churchyards  of  the  modern  Babylon,  her  sewers  reckoned  by 
hundreds  of  miles,  her  gas  works,  her  chemical  aud  other 
manufactures  whose  proceeds  are  injurious  to  human  life, 
have  all  contributed  their  share  to  tbe  poisoning  of  wells 
which  might  once  have  been  wholesome,  although  the  water 
could  never  boast  of  the  freshness  and  life  of  deep  spring 
water. 

Tho  other  class  of  wells  is  widely  different  from  the  first, 
and  commonly  yields  a  supply  of  good  spring  water.  These 
arc  wells  sunk  througb  an  impervious  material  which  is  itself 
destitute  of  water,  but  which  serves  to  keep  down  the  water 
in  a  porous  bed  lying  beneath  it.  For  instance,  after  sink- 
ing through  the  thick  mass  of  the  London  clay  in  tho  neigh- 
bourhood of  London,  wo  reach  a  series  of  beds  containing 
sand  and  gravel  in  such  proportions  as  to  make  them  readily 
pormcablo  by  water ;  so  that  it  is  no  uncommon  thing,  on 
sinking  down  to,  and  disturbing  the  remarkable  pebble  bed 
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which  usually  forms  the  basis  of  the  London  clay,  to  fit/d 
the  water  burst  up  with  some  violence  and  stand  perma- 
nently in  the  well  many  feet  higher  than  the  level  from 
which  it  rose. 

The  same  thing  occurs  in  sinking  through  other  hard 
beds  before  reaching  the  chalk,  and,  again,  at  the  top  of 
the  chalk,  the  bed  of  green-coated  flints,  which  usually 
separates  the  chalk  from  the  overlying  sands,  gives  rise 
to  the  same  phenomena  of  water  bursting  up.  On  sinking 
through  the  chalk  also,  the  chalk  marl  is  usually  found  to 
keep  down  the  water  of  the  upper  green  sand  in  a  similar 
manner,  and  again  on  a  much  greater  scale  the  gault  per- 
forms the  same  office  with  respect  to  the  water  of  the  lower 
green  sand. 

Now  in  all  such  cases  as  these  where  a  superior  overlying 
impervious  stratum  has  to  be  sunk  through  in  order  to  reach 
a  water-bearing  stratum  beneath,  it  is  not  necessary  to  dig 
a  well  to  the  entire  depth,  but  after  sinking  down  a  certain 
distance  and  forming  a  well  into  which  the  water  may  rise 
as  into  a  reservoir,  the  rest  of  the  process  is  simply  com- 
pleted by  boring  down  to  the  water-bearing  stratum  by 
means  of  a  small  perforation  varying  from  three  or  four 
inches  up  to  eighteen  inches.  Through  this  small  perfora- 
tion the  water  will  find  its  way  up  to  tbe  larger  well  above, 
from  whence  it  may  be  pumped  up  as  required. 

In  certain  favourable  situations  where  a  boring  is  made 
through  an  impervious  stratum  at  a  point  considerably  lower 
in  level  than  the  porous  district,  at  the  line  where  the  water 
filters  into  the  earth,  the  water  rises  above  the  surface, 
giving  rise  to  the  condition  termed  an  artesian  well,  from 
their  first  general  establishment  in  the  French  province  of 
Artois.  Such  wells  were  once  common  in  the  valley  of  the 
Thames  about  Brentford,  but  are  not  now  overflowing  in 
consequence  of  the  groat  number  of  them  wbich  have  been 
sunk  into  the  same  stratum.  Overflowing  wells  are  still 
common,  however,  on  the  flat  lands  of  Essex,  about  Foulness 
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Island,  &c,  and  also  on  the  coast  of  Lincolnshire,  from 
Spalding  to  the  Humber,  in  which  part  of  the  country  they 
are  called  blow  wells. 

There  is  some  ambiguity  in  the  name  artesian  as  applied 
to  these  wells,  as  it  is  uncertain  whether  it  should  be  con- 
fined to  those  which  overflow,  and  rise  above  the  surface,  or 
should  be  applied  to  all  wells  in  which  the  water  is  procured 
by  boring  instead  of  sinking.  I  think  myself  that  a  general 
name  should  be  applied  to  all  those  wells  in  which  the  water 
is  procured  by  boring  through  a  retentive  soil  down  to  a  water- 
bearing stratum,  and  the  name  artesian  would  do  for  these 
as  well  as  any  other.  Then  those  wells,  in  which  the  water 
rises  above  the  surface,  should  be  distinguished  as  over- 
flowing artesian  wells. 

Some  such  distinction  as  this  is  obviously  necessary, 
because  different  persons  understand  different  things  by  the 
term  artesian  well  as  commonly  applied ;  in  addition  to 
which  many  wells  which  were  once  overflowing  are  not  so 
now,  as  already  mentioned  in  the  case  of  those  bored  in 
the  valley  of  the  Thames.  Such  wells  are  of  course  still 
artesian  wells,  but  are  no  longer  overflowing  artesian  wells. 
It  need  scarcely  be  observed  that  ordinary  borings  are  quite 
distinct  from  artesian  wells.  These  are  exceedingly  common 
in  such  districts  as  the  chalk  and  new  red  sandstone,  where 
they  are  sunk  at  the  bottom  of  shallow  wells  or  lodgments, 
as  they  are  sometimes  called,  in  order  to  increase  the 
supply. 

For  instance,  in  procuring  the  supply  for  Watford,  which 
is  situate  on  the  chalk,  a  well  or  lodgment  was  first  made 
15  feet  in  diameter  and  33  feet  in  depth.  A  boring  of  12 
inches  clear  diameter  was  then  directed  to  be  made  to  the 
depth  of  70  feet  below  the  bottom  of  the  well,  and  this  it 
was  calculated  would  produce  300,000  gallons  per  day  of 
twenty-lour  hours. 
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In  hard  and  homogeneous  rocks  such  as  chalk,  the  oolites, 
and  new  red  sandstone,  wells  frequently  do  not  require  a 
lining  of  any  kind,  and  have  merely  to  be  excavated  to  the 
required  size.  The  chief  difficulty  in  hard  rocks  is,  that 
blasting  by  gunpowder  is  frequently  necessary,  so  that  the 
process  of  sinking  becomes  tedious  and  expensive.  All  shafts 
sunk  in  argillaceous,  marly,  and  sandy  strata  require,  how- 
ever, to  be  lined  or  steined,  as  it  is  technically  called.  Even 
in  sinking  through  the  harder  rocks,  also,  partings  and  beds  of 
clay  and  sand  are  frequently  met  with,  and  sometimes  require 
a  lining  as  much  as  if  the  shaft  were  entirely  in  clay. 
Various  materials  are  used  for  lining  wells,  and  preventing 
the  earth  through  which  they  are  sunk  from  falling  in.  The 
principal  of  these  are  brick,  stone,  and  iron,  while  wood  is  only 
employed  for  temporary  purposes,  as  in  the  shafts  of  mines. 

For  large  wells  sunk  in  the  tertiary  strata  around  London 
a  lining  of  one  brick  in  thickness  is  frequently  employed,  and 
for  smaller  wells  a  lining  of  only  4|  inches,  or  half  a  brick, 
may  be  used.  When  the  lining  is  half  a  brick  in  thickness, 
there  is  only  one  mode  of  laying  the  bricks,  namely,  in 
courses  breaking  joint  with  each  other.  Where  the  work 
is  a  whole  brick  thick,  it  is  sometimes  built  in  two  half- 
brick  rings,  and  sometimes  the  bricks  are  laid  all  as  headers. 
Wherever  the  common  statute  brick  is  used,  it  is  evident 
that  all  the  horizontal  joints  are  lenticular,  or  wedge-shaped, 
so  that  the  sides  are  never  parallel.  This  is  a  great  incon- 
venience and  can  never  make  good  work,  no  matter  in  what 
way  the  gaping  space  at  the  back  of  the  joint  may  be  filled 
up.  Formerly  there  was  some  difficulty  connected  with  the 
excise  duties,  in  procuring  bricks  of  any  other  shape  than 
the  regular  statutory  rectangular  form.  Since  the  repeal  of 
these  duties,  however,  bricks  may  without  inconvenience  be 
procured  of  any  shape  and  size,  and  ought  certainly  for 
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steining  wells  to  have  ends  radiating  to  the  centre  of  the 
well.  It  would  not  be  necessary  of  course  to  have  bricks 
moulded  specially  for  every  particular  well,  but  there  might 
be  forms  to  suit  wells,  increasing  in  diameter  by  steps  of  two 
feet  up  to  ten  or  twelve  feet  in  diameter.  Radiated  bricks 
of  this  description  are  now  extensively  made  for  sewer  work, 
and  might  be  employed  with  equal  advantage  for  wells. 
They  would  at  once  effect  a  great  superiority  over  the 
ordinary  steining  of  wells. 

Tbe  material  to  be  employed  for  steining  must,  of  course, 
be  decided  by  the  judgment  of  the  engineer,  according  to 
the  particular  circumstances  of  each  case,  as  in  many 
localities  and  in  certain  peculiar  cases,  stone  or  iron  may 
possess  advantages  over  brickwork. 

In  sinking  through  the  tertiary  clays  and  sands  in  the 
neighbourhood  of  London,  it  was  formerly  very  common  to 
employ  a  wooden  ring  or  curb  on  which  a  cylindrical  mass  of 
brickwork  was  built.  Then  the  ground  beneath  the  curb 
was  excavated,  and  the  whole  mass  of  brickwork  gradually 
sunk  down  as  additional  courses  were  placed  on  the  top  of  it. 
This  method  of  building  wells  is  not  now  so  common  as  that 
of  building  underneath  in  the  fashion  of  underpinning.  This 
method  of  building  underneath  the  already  executed  steining 
is  well  described  by  Mr.  Swindell  in  his  treatise  on  wells  and 
well-digging.  Suppose  eight  or  ten  feet  of  the  well  dug  out, 
the  steining  of  this  first  part  may  be  built  from  the  bottom, 
and  then  a  further  depth  being  excavated,  it  becomes  neces- 
sary to  complete  the  steining  beneath  tbo  part  already 
executed.  This  is  effected  by  laying  at  the  bottom  of  tbe 
recent  excavation  three  courses  of  brickwork  in  cement,  and 
building  the  other  courses  of  ordinary  brickwork  upwards 
until  tbe  space  is  filled  up.  The  well,  when  completed,  will  tben 
consist  of  a  cylinder  of  brickwork,  with  occasional  nine-inch 
rings  set  in  cement,  and  tbo  interval  at  which  these  rings 
occur  will  depend  on  the  nature  of  the  strata,  being  usually 
in  the  tertiary  beds  from  five  to  twelve  feet.    In  working 
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through  sandy  strata,  which  alternate  with  clay  and  are 
frequently  saturated  with  water  and  converted  into  veritable 
quicKsands,  many  precautions  are  necessary.  Frequently 
the  whole  brickwork  in  such  cases  has  to  be  set  entirely  in 
cement  or  in  the  best  hydraulic  mortar,  and  very  often  the 
steining  already  executed  has  to  be  suspended  or  held  up  in 
its  place  by  iron  rods  attached  to  an  iron  plate  underneath 
the  brickwork.  Even  these  precautions  are  sometimes  not 
sufficient,  and  resort  must  be  had  to  iron  cylinders  in  lieu  of 
brickwork.  These  iron  cylinders  are  sometimes  of  wrought, 
and  sometimes  of  cast  iron,  bolted  together  by  means  of 
flanches.  They  frequently  require  considerable  force  to 
drive  them  down  through  quicksands  and  other  incoherent 
beds.  Mr.  Swindell  says  : — "  In  some  wells  that  have  been 
executed  in  sandy  soils,  cast-iron  curbs  have  been  inserted 
at  intervals,  each  curb  slung  to  the  one  above  it  by  tie-rods. 
The  gravel  or  sand  can  then  be  excavated  under  the  curb,  as 
the  clay  can  under  the  brickwork  rings  set  in  cement ;  the 
curbs,  in  fact,  bearing  the  same  relation  to  the  cemented 
brickwork  in  the  case  of  sandy  soils,  as  the  cemented  rings 
do  to  the  dry  brickwork  in  clayey  ground." 

Although  Mr.  Stephenson,  in  his  able  report  on  the  well 
supply  of  Liverpool,  prefers  the  sinking  of  separate  wells  to 
the  employment  of  adits  or  drift-ways,  yet  the  latter  are 
extremely  useful  as  lodges  or  reservoirs  to  store  a  quantity 
of  water  in  cases  when  the  pumps  are  not  at  work.  The 
drift-ways  at  the  bottom  of  the  well  in  Trafalgar  Square 
form  a  reservoir  capable  of  holding  122,000  gallons  of  water, 
and  the  storage  rooms  at  the  bottom  of  some  of  the  Liver- 
pool wells  is  much  greater  than  this. 

In  many  wells  extraordinary  precautions  are  necessary  to 
exclude  land-springs  and  water  of  inferior  quality,  and  some- 
times the  interests  of  adjacent  canals  and  of  the  neighbouring 
well  proprietors  call  for  such  precautions.  For  this  purpose 
the  brickwork  for  a  considerable  depth  is  sometimes  set  in 
cement  or  hydraulic  mortar,  besides  being  puddled  or  con- 
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creted  at  the  back.  In  the  well  sunk  by  the  London  and 
North-Western  Eailway  Company  at  Camden  Town,  there 
was  an  inner  and  an  outer  steining  of  brickwork,  the  inner 
being  4£  inches  thick,  and  the  outer  9  inches.  The  space 
between  the  two  cylinders  of  brickwork  contained  a  seg- 
mental cylinder  of  iron,  backed  with  9  inches  of  concrete. 
The  whole  thickness  of  the  lining  in  this  case,  therefore,  was 
about  2  feet.  This  mode  of  construction  was  adopted  to  a 
depth  of  28  feet  from  the  surface,  below  which  was  a  brick 
steining  of  9  inches,  with  bonding  curbs  of  iron  at  intervals.* 
The  diameter  of  this  well  is  9|  feet  in  the  clear,  and  the 
whole  of  the  steining  is  executed  in  cement. 
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There  are  so  many  contingencies  connected  with  this  kind 
of  work  that  we  must  be  prepared  to  find  great  anomalies  in 
the  cost  which  has  been  incurred.  The  comparative  hard- 
ness of  the  strata  to  be  sunk  through,  the  frequent  occurrence 
of  quicksands  occasioning  peculiar  precautions  and  much 
expenditure  in  the  sinking,  and  the  necessity  for  frequently 
keeping  out  land  springs,  are  all  subjects  which  very  mate- 
rially influence  the  expense.  Most  cases  of  well-sinking 
require  a  special  estimate  from  experienced  practical  persons 
well  acquainted  with  the  strata  to  be  sunk  through,  and  with 
similar  works.  Such  estimates,  although  probably  more  to 
be  depended  on  than  any  other,  are  frequently  very  erroneous, 
and  lead  to  great  disappointment.  The  following  attempt  to 
show  the  cost  of  wells  in  the  neighbourhood  of  London  is 
founded  on  some  statements  by  Mr.  Prestwich ;  but  I  have 
endeavoured,  as  will  be  seen,  to  separate  the  well-sinking 
from  the  boring,  having  in  certain  cases  deducted  from  tbo 
total  cost  a  sum  equal  to  £2  per  foot,  which  may  be  taken  as 

*  Swindell  on  "  Wells  and  Well  Pigging  ;"  Woale's  Rudimentary 
Series. 
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a  fair  allowance  for  boring  and  tubing  at  tbe  bottom  of  a 
deep  well. 


Situation  of  Well. 

Depth  of  Shaft. 

Total 

Cost 

Cost 
per  foot 

in 
depth. 

In  terti- 
ary strata. 

In  chalk. 

depth  of 
shafi. 

of 
Bhaft. 

Truman's  brewery  . 
Eeid  and  Co.'s  ditto 
ZoologicalGardens,  \ 

Regent's  Park  J 
Model  Prison,  Pen-  \ 

tonvillo    ...  J 
Lunatic     Asylum,  ) 

Colney  Hatch  .  j 

196 
136 

220 
220 
188 

123 

196 
259 

220 
220 
1S8 

£ 

4056 
7154 

1900 
1300 
991 

£ 
21 
29 

9 
6 
5 

Tbe  price  for  tbe  well  at  Reid's  brewery  includes  tbe  biro 
and  repair  of  temporary  pumps  during  tbe  execution  of  tbe 
work,  and  also  tbe  cost  of  two  new  sets  of  permanent  pumps. 
It  will  be  seen  from  tbe  following  account  of  tbis  well,  taken 
from  tbe  description  by  Mr.  Braitbwaite,  in  tbe  Proceedings 
of  tbe  Institution  of  Civil  Engineers  for  1843,  tbat  it  com- 
prises considerably  more  tban  a  mere  sbaft,  tbat  tbe  sinking 
Vn  tbe  cbalk  was  enlarged  into  a  capacious  reservoir,  and  tbat 
a  considerable  extent  of  adit  was  driven  at  different  levels. 
Tbe  yield  of  tbis  well  is  277,200  gallons  per^ay,  tbe  water 
being  used  for  refrigerating  purposes,  although  it  costs  the 
brewers  more  to  raise  it  than  they  would  have  to  pay  the 
water  companies  for  a  similar  quantity.  The  depth  down  to 
the  chalk  at  this  well  is  138  feet.  At  the  depth  of  87  feet  a 
cast-iron  cylinder,  5  feet  3  inches  by  3  feet  2  inches,  is 
inserted  and  continued  down  to  135  feet,  to  within  18  inches 
of  the  first  bed  of  flints  in  the  chalk.  The  sinking  in  the 
chalk  was  gradually  increased  in  size  as  it  proceeded  down- 
wards, till,  at  the  depth  of  178  feet  from  the  surface,  it  was 
lG^r  feet  diameter.  The  excavation  was  continued  at  this 
diameter  as  far  as  202  feet  below  tbe  surface.  Water  was 
found  under  tho  second,  sixth,  eighth,  and  tenth  bods  of 
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flints,  and  the  total  supply  at  202  feet  was  72,000  gallons 
per  day.  At  the  depth  of  196  feet  from  the  surface  the  first 
tunnel  was  driven  91  feet  north-west,  in  the  direction  of 
another  well,  hut  the  tunnel  only  increased  the  yield  14,400 
gallons  a  day.  The  eighth  bed  of  flints,  at  154  feet  from 
the  surface,  yielded  the  largest  quantity  of  water,  namety, 
10,800  gallons  per  day.  Mr.  Braithwaite,  therefore,  drove 
a  second  tunnel  at  this  level,  6  feet  high  by  5  feet  wide, 
distance  of  16  feet  from  east  to  west,  and  then  north  and 
south  for  108  feet,  by  which  he  obtained  an  increase  of 
54,000  gallons  per  day.  The  shaft  being  now  sunk  to  the 
depth  of  202  feet  from  the  surface,  it  was  ascertained  by 
boring  that  a  further  supply  could  be  obtained  at  a  depth  of 
20  feet  lower.  The  shaft  was  continued  22  feet  deeper, 
with  a  diameter  of  7  feet,  when  the  water  was  found  flowing 
from  two  horizontal  fissures  in  the  chalk  without  flints.  At 
this  depth  two  tunnels  were  driven,  one  to  the  north-west, 
being  connected  with  the  first  tunnel  of  91  feet,  by  which  an 
increase  of  121,600  gallons  a  day  was  obtained.  The  other 
tunnel  was  driven  24  feet  in  a  south-easterly  direction,  and 
produced  a  further  increase  of  28,800  gallons  a  day.  The 
total  quantity  obtained  from  the  shaft  and  all  the  tunnels  is 
about  277,200  gallons  a  day ;  the  well  being  formed  into  a 
reservoir  at  the  bottom,  which  is  capable  of  holding  100,800 
gallons. 

It  appears  from  this  account  that,  in  addition  to  the  great 
enlargement  of  the  shaft  in  the  chalk,  about  110  yards  of 
headings  were  driven,  and  the  cost  of  these  could  not  have 
been  less  than  £550,  making  tho  cost  of  the  shaft  alone 
about  £27  per  foot  vertical. 

It  appears  from  the  instances  which  have  been  quoted, 
that  small  shafts  may  be  sunk  in  the  London  clay  and  other 
tertiary  beds  lo  tbe  depth  of  about  200  feet,  at  the  rate  of 
from  £5  to  £10  a  foot  vertical,  including  the  steining  and 
temporary  pumping  when  necessary.  Also,  that  large  shafts 
of  8  or  10  feet  in  diameter,  or  an  equivalent  area,  may  bo 


COST   OF  WELL- SINKING. 


181 


sunk  from  200  to  300  feet  deep  for  the  cost  of  £21  to  £27 
per  foot  vertical.  True  it  is  that  many  estimates  are  made, 
and  even  contracts  taken  at  much  lower  prices  than  this. 
For  instance,  the  well  at  the  Model  Prison,  which  is  6  feet 
diameter  in  the  clear  within  the  brickwork,  is  said  to  have 
been  let  to  Mr.  Clarke,  of  Tottenham,  at  the  following 
prices  : — 


£ 

3. 

67 

10 

for  the  first  30  feet. 

57 

0 

„       second  ditto. 

5S 

10 

ii       third  ditto. 

60 

0 

,,       fourth  ditto. 

61 

10 

„       fifth  ditto. 

67 

10 

„       sixth  ditto. 

£372 

0 

So  that  Mr.  Clarke's  price  for  180  feet  was  only  £372, 
whereas,  the  well  which  was  sunk  220  feet,  cost  in  reality 
£1,300. 

The  Green  Lane  well  at  Liverpool,  which  is  185  feet  deep 
and  10  feet  diameter,  cost  £6,600 ;  but  this  includes  a  large 
lodgment  in  the  bottom  of  the  well,  and  nearly  100  feet  of 
boring  in  the  bottom. 

For  wells  in  the  lower  new  red  sandstone  in  the  neigh- 
bourhood of  Wolverhampton,  without  steining,  a  price  of 
about  £5  per  yard  has  been  paid  for  a  shaft  5  feet  diameter 
down  to  150  feet  in  depth.  Headings  driven  in  the  sand- 
stone rock,  5  feet  high  and  3  feet  6  inches  wide,  have  cost 
£10  per  yard  forward. 

In  the  Wolverhampton  Water  Works  Bill  of  1855,  the 
existing  company  sought  for  powers  to  sink  additional  wells, 
with  the  view  of  increasing  their  supply  of  water,  and 
the  following  was  the  estimate  given  in  evidence  by  Mr. 
Marten,  their  engineer,  and  Mr.  Hawkcsley,  their  consulting 
engineer. 
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Sinking  two  shafts  at  Oaken  in  the  red  Bandstone 
rock,  each  150  feet  deep,  100  yards  at  £5  ... 

Standage  at  hottom  forming  the  enlargement  neces- 
sary for  the  lodgment  of  the  water  

Driftways,  200  yards  at  £4  

Tumping  and  sundries  

£4,000 

The  estimate  for  these  two  shafts,  each  150  feet  deep,  is 
somewhat  inconsistent  with  the  fact  that  the  Green  Lane 
single  shaft  at  Liverpool,  185  feet  deep,  cost  £6,600. 

Some  very  valuable  information  as  to  the  construction  of 
wells,  especially  in  the  neighbourhood  of  London,  will  be 
found  in  Mr.  Swindell's  "Rudimentary  Treatise  on  Well 
Digging  and  Boring."  The  method  of  constructing  wells 
with  sinking  curbs,  and  of  steining  in  brickwork,  and  lining 
with  iron  cylinders,  are  there  described  in  a  very  practical 
manner. 

There  are  also  some  very  useful  observations  on  the  most 
improved  methods  of  boring. 

ARTESIAN  WELLS. 

The  chief  localities  in  which  these  wells  have  hitherto 
been  sunk  in  this  country  have  been  already  described. 
The  expense  of  boring  them  is  of  course  much  less  than  that 
of  shafts. 

Mr.  Prestwich  gives  several  examples  of  artesian  well 
borings  in  the  neighbourhood  of  London,  from  which  their 
cost  may  be  judged  of  with  tolerable  accuracy.  Thus,  a 
boring  of  252  feet  in  depth  through  tertiary  strata  in  Lom- 
bard Street,  cost  £200.  One  at  Water  Lane,  Edmonton, 
GO  feet  deep  in  tertiary  strata,  cost  £18;  one  at  Walthara 
Abbey,  through  90  feet  of  tertiary  strata,  cost  £10  ;  one  at 
Wigborough,  in  Essox,  through  800  feet  of  tertiary  strata, 
cost  about  £120;  and  one  at  Mitcham,  through  190  feet  of 
tertiary  strata  and  21  feet  of  chalk,  cost  £100.    From  these 


£500 

1,500 
800 
1,200 
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examples,  It  appears  that  the  cost  of  boring  up  to  100  feet 
in  tertiary  strata,  does  not  exceed  4s.  per  foot.  For  depths 
between  100  and  200  feet,  the  price  seems  to  vary  from  6s. 
to  10s.  per  foot ;  and  between  200  and  300,  from  10s.  to 
16s.  per  foot. 

A  deep  boring  sunk  at  Loughton,  in  Essex,  through  535 
feet,  of  which  324  were  in  tertiary  strata,  and  the  remaining 
211  in  chalk,  cost  £750,  or  nearly  30s.  a  foot. 

Mr.  Clarke's  price  for  boring  in  tertiary  strata,  at  the 
bottom  of  a  well  180  feet  deep  at  the  Model  Prison,  was 
45s.  per  foot ;  the  boring  to  be  made  with  a  10*  inch  auger, 
and  to  have  cast-iron  pipes  inserted  in  it  8  inches  diameter 
t  thick,  fitted  together  with  turned  joints  and  wrought-iron 
collars,  and  fitted  with  screws  ;  the  whole  to  be  flush  inside 
and  out.  His  price  for  boring  in  chalk  with  a  7*  inch  auger, 
at  the  bottom  of  the  10*  inch  bore,  was  27s"  a  foot;&no 
pipe  to  be  inserted  in  this  boring.  He,  however,  offered  for 
10s.  2d.  per  foot  extra  to  insert  a  perforated  copper  pipe, 
weighing  6  lbs.  per  foot  in  the  chalk  boring. 

The  artesian  borings  through  the  gault  at  Cambridge  are 
usually  130  to  150  feet  deep,  and  cost  from  £15  to  £20. 

The  price  paid  at  Liverpool  for  a  6  inch  bore  in  the  bottom 
of  Green  Lane  well,  which  is  185  feet  deep,  was  :— 

£  s. 

2  10    per  yard  for  the  first  20  yards. 

3  0,,  „       second  „ 

3  10         „  „       third  „ 

4  0         „  „      fourth  „ 
4  10        „          „  fifth 

The  following  are  some  tenders  recently  made  for  boring 
through  chalk  at  Guildford,  where  the  chalk  is  very  near  the 
surface :-- 
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In  the  case  of  the  Crossness  well,  the  following  are  tenders  for 
a  boring  of  17  inches  diameter,  or  as  nearly  of  this  diameter 
as  the  strata  will  admit  of,  the  boring  to  commence  at  the 
end  of  an  existing  18  inch  bore,  at  the  depth  of  720  feet 
below  surface  :— Mr.  Clarke,  of  Gray's  Inn  Square,  London, 
offered  to  bore  the  first  25  feet  below  720  feet  at  £7  per  foot, 
the  second  25  feet  at  £7  5s.  per  foot,  and  so  on  increasing 
5s.  per  foot  at  each  25  feet  of  depth.  Messrs.  Docwra  and 
Son,  of  Balls  Pond  Road,  Islington,  tendered  for  boring  from 
the  depth  of  720  feet  below  surface  at  £6  a  foot  for  the  first 
20  feet,  £6  5s.  per  foot  for  the  second  20  feet,  and  £Q  10s. 
for  the  third,  and  so  on  increasing  at  the  rate  of  5s.  per  foot 
for  each  20  feet. 

The  following  were  the  tenders  of  the  same  two  firms  for 
the  best  wrought-iron  brazed  and  collared  pipes  with  steel 
shoes : — 


Clear  diameter 
in  inches. 

Tenders  per  Foot. 

By  Mr.  Thomas 
Clarke. 

By  Mess 
Docwra  & 

ns. 
Son. 

e 

d. 

£  $. 

d. 

16 

2  2 

0 

15 

2  0 

0 

14 

1  14 

0 

13 

1  12 

0 

12 

1  10 

0 

11 

1  8 

0 

10 

1  6 

0 

9 

1  5 

0 

8 

1  2 

0 

The  deepest  borings  in  the  world  are  probably,  that  made 
in  the  Abattoir  of  Crenelle  in  Paris,  1,800  feet,  and  one  made 
1,878  feet  deep  through  the  new  red  sandstone  at  Kissengen, 
in  Bavaria. 
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The  boring  at  Grenelle  passed  through  148  feet  of  tertiary 
strata,  1,394  feet  of  chalk,  and  256  feet  of  green  sand  and 
gault.  Its  cost,  according  to  Mr.  Prestwich,  was  £14,500 ; 
but  this  includes  some  extraordinary  expenses,  such  as  double 
sets  of  tubes  and  the  constructions  over  the  well.  The  con- 
tract for  the  first  1,312  feet  was  £4,000  ;  and  M.  Mulot,  the 
engineer,  states  that  the  whole  work  could  now  be  executed 
for  £10,000. 

This  boring  was  commenced  in  1835,  to  supply  with  water 
the  Abattoir  of  Grenelle.  The  auger  penetrated  the  water- 
bearing stratum  in  February,  1841,  when  the  water  rushed 
up  with  great  force,  and  overflowed  the  surface  of  the  ground. 
The  boring  was  commenced  with  a  diameter  of  20  inches,  and 
gradually  diminished,  till  at  the  depth  of  576  feet  it  was  only 
12  inches.  Wrought  iron  tubes  were  first  used  to  prevent  the 
bore  choking  up  with  sand,  but  these  have  been  replaced  by 
copper  tubes.  The  tubes  commence  with  a  diameter  of  12^ 
inches,  which  gradually  diminishes  till  the  fifth  tube,  which 
is  10  inches  diameter  at  a  depth  of  1,148  feet.  A  sixth 
tube  goes  down  to  1,345  feet,  with  a  diameter  of  8J  inches  ; 
a  seventh  to  1,771  feet,  with  a  diameter  of  6f  inches.  The 
remaining  part  of  the  bore  is  not  tubed.  According  to  an 
article  in  the  Constitutionnel,  4th  of  March,  1841,  the  yield  of 
the  well  was  880,387  gallons  in  24  hours.  The  water  is  said 
to  have  risen  at  first  to  a  height  of  65  feet  above  the  surface, 
but  this  statement  appears  doubtful.  The  temperature  of  the 
water,  according  to  Sir  John  Robison,  in  1813,  was  82^° 
Fahr. ;  that  of  the  water  in  the  United  Minos,  in  Cornwall, 
which  are  1,770  feet  deep,  being  92°  Fahr. ;  and  tbe  highest 
recorded  temperature  of  water  in  these  mint  s  being  96°. 

The  boring  at  Kissengen,  in  Bavaria,  1,878  feet  deep  in 
new  red  sandstone,  is  said  to  have  cost  £6,666.  The 
expense  of  several  borings  in  chalk  of  about  1,000  feet  deep 
seems  to  have  been  about  £3,000  ;  but  there  are  several 
instances  of  much  cheaper  work.  For  instance,  Mr.  Prest- 
wich states  that  M.  Degouzee  has  lately  much  reduced  the 
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expense  of  boring  by  the  use  of  steam  power,  and  by  the 
introduction  of  new  machinery.  He  has  lately  contracted 
to  bore  an  artesian  well  at  Rouen  to  the  depth  of  1,080 
feet,  through  the  lower  cretaceous  and  oolitic  rocks,  includ- 
ing expenses  of  every  description.  M.  Degouzee  has  also 
constructed  three  artesian  wells  in  different  parts  of  France, 
to  an  average  depth  of  about  825  feet,  at  a  cost,  including 
tubes  and  all  expenses,  of  £000  to  £1,000.  Shallower 
borings  down  to  GOO  feet  have  been  made  in  France,  at  a 
rate  varying  from  5s.  to  20s.  per  foot,  while  one  of  666  feet, 
chiefly  in  green  sand  and  gault,  cost  £1,216.  Messrs.  De- 
gouzee and  Laurent,  of  Paris,  undertake  to  bore  to  the  depth 
of  200  English  feet  for  about  £120,  and  to  go  1,000  feet 
deep  for  £600. 

BORING  MACHINERY. 

The  method  sometimes  used  on  the  Continent  of  boring  by 
means  of  a  rope  in  place  of  a  boring-rod,  was  well  described 
by-M.  Jobard  in  his  report  on  the  Paris  Exhibition  of  1840. 

For  perforating  hard  rock,  a  boring  head,  termed  the  mouton 
or  ram,  is  used.  This  is  a  cylinder  of  cast-iron,  commonly 
about  8  inches  in  diameter  and  39  inches  in  length,  weighing 
from  one  to  three  cwt.  The  upper  part  of  the  cylinder  is 
hollowed  in  a  conical  form,  and  the  sides  are  fluted  so  as  to 
allow  the  broken  debris  of  the  rock  to  pass  up  and  lodge  in 
the  hollow  conical  top.  The  mouton  is  attached  to  the  rope 
by  means  of  wrought-iron  handles,  which  are  double,  in  case 
3ne  should  break.  The  lower  part  of  the  mouton  is  pre- 
pared to  receive  a  number  of  blunt-pointed  steel  chisels, 
which  are  firmly  secured  to  it.  There  are  several  ways  of 
giving  motion  to  the  rope  which  works  the  mouton.  One  of 
these  is  by  means  of  a  long  plank,  placed  obliquely  about  12 
or  15  feet  above  the  bore  hole.  The  mouton  is  suspended 
about  15  or  20  inches  from  the  bottom,  and  is  made  to  fall 
through  a  height  of  2  to  3  feet  about  25  to  30  times  in  a 
minute.    The  dust  or  powder  resulting  from  the  cutting 
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action  of  the  steel  chisels  would  soon,  if  not  moistened, 
impede  the  action  of  the  tool  by  deadening  the  blows.  If, 
therefore,  no  water  be  naturally  present,  it  must  be  supplied, 
and  then  the  sort  of  liquid  mud  thus  formed  rises  or  spouts 
up  through  the  fluted  openings  in  the  mouton,  and  enters  the 
hollow  cone  at  the  top.  When  it  is  observed  by  the  work- 
men at  the  surface  that  the  tool  has  gone  down  sufficiently 
to  fill  the  cone  the  mouton  is  withdrawn,  and  is  then  found 
to  be  filled  commonly  with  a  hard  conical  mass,  the  result 
of  several  hours'  working. 

The  Chinese  are  said  to  have  bored  successfully  with  the 
mouton  alone  to  the  depth  of  1,800  feet.  This  is  quite  pos- 
sible, if  the  strata  be  hard  and  solid  throughout ;  but  if  they 
consist  of  sand,  gravel,  wet  clay,  or  of  such  material  as 
requires  tubing,  the  mouton  is  not  applicable  alone,  but  re- 
quires to  be  replaced  by  what  the  French  call  the  emporte- 
piece,  or  shell  pump,  as  it  has  since  been  termed  in  England. 
The  emporte-piece  is  a  cylinder  fitted  at  its  base  with  two 
common  D  valves,  turning  on  the  diameter  as  a  hinge,  and 
opening  upwards.  This  cylinder  is  lowered  down  to  the 
bottom,  and  caused  to  penetrate  by  a  blow  from  the  mouton 
or  ram  before  described,  and  which  when  thus  employed  is 
of  course  without  its  cutting  chisels,  and  is  merely  a  hollow 
cast-iron  cylinder,  weighing  about  three  cwt.  The  ram 
having  an  opening  through  it  longitudinally,  slides  on  a 
metallic  rod  attached  to  the  emporte-piece.  "When  it  has 
gone  up  a  few  feet,  it  is  stopped  by  a  projection,  and  then 
falls  down  on  the  emporte-piece;  which  latter  sinks  down 
at  every  blow,  and  at  the  same  time  allows  the  semi-fluid 
mud  to  rise  up  through  its  valves.  When  drawn  up,  the 
space  above  the  valves  is  found  to  be  filled  with  a  cylindrical 
lump  of  mud,  more  or  less  indurated. 

In  the  strata  which  require  tubing,  it  is  of  course  necessary 
that  the  boring  tool  which  passes  through  the  tube  should  be 
capable  of  making  a  hole  larger  than  the  external  diameter  of 
the  tube  itself.    The  form  of  mouton  employed  in  France  for 
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this  purpose  is  called  the  allezoir  or  instrument  for  enlarging, 
and  the  contrivance  is  sufficiently  ingenious.  Instead  of  tho 
mouton  being  suspended  from  the  rope  in  a  truly  central  axis, 
it  is  suspended  somewhat  on  one  side  of  the  centre,  so  that 
on  being  lowered  the  steel  cutters  or  chisels  strike  obliquely, 
and  thus  excavate  a  hole  of  larger  diameter  than  the  mouton 
itself.  This  mouton,  when  employed  to  act  through  tubing, 
has  a  conical  receptacle  for  the  mud,  like  the  one  first  de- 
scribed. There  are  several  minute  points  to  be  attended  to 
in  working  with  these  boring  tools,  such  as  the  degree  of 
torsion  to  be  given  to  the  rope,  and  the  proper  time  for 
drawing  up  the  mouton,  so  that  its  working  be  not  too  much 
impeded  by  friction.  These  are  points  which  the  workmen 
are  soon  enabled  to  master  after  a  little  practice.  This 
method  of  boring  is  much  used  in  France,  Saxony,  and  other 
parts  of  the  Continent.  The  moutons  are  not  expensive,  one 
of  three  cwt.  costing  only  about  £2.  They  can  be  made  and 
repaired  by  the  ordinary  village  blacksmith. 

MESSRS.   MATHER  AND  PLATt's  EARTH-BORING  MACHINERY. 

The  arrangement  which  has  just  been  described  has  been 
somewhat  modified  by  Messrs.  Mather  and  Piatt,  of  Salford 
Iron  Works,  Manchester.  The  boring  head  employed  by 
them  consists  of  a  wrought-iron  bar,  about  8  feet  long,  on 
the  lower  part  of  which  is  fitted  a  block  of  cast-iron  in  which 
the  chisels  or  cutters  are  firmly  fixed.  There  is  no  conical 
cup  or  other  contrivance  in  this  boring-head  for  containing 
any  of  the  loosened  matter,  as  in  the  French  machines  ;  but, 
when  the  boring-head  has  been  in  action  for  some  time,  and 
the  chisels  have  loosened  and  broken  up  a  certain  quantity 
of  debris,  the  boring-head  is  raised,  and  another  contrivance, 
called  the  shell  pump,  is  lowered,  in  order  to  raise  the  debris. 
The  invention  of  Messrs.  Mather  and  Piatt,  therefore,  con- 
sists essentially  of  two  parts,  the  boring-head  and  the  shell 
pump,  sometimes  called  the  sludge  pump,  both  of  these  being 
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put  in  action  by  the  power  of  steam.    One  great  advantage 
in  Messrs.  Mather  and  Piatt's  machinery  is  the  rapidity  with 
which  it  executes  the  work.    The  makers  state  that  the 
machine  is  capable  of  boring  in  chalk  at  the  rate  of  18  inches 
per  hour.    At  this  rate  the  machine  will  execute  a  boring  of 
15  inches  diameter  at  the  depth  of  1,000  feet.    They  also 
state  that  in  the  red  sandstone  rock  of  Cheshire,  Lancashire, 
and  the  adjacent  counties,  they  can  bore  at  the  rate  o.  12 
inches  an  hour.    This  result  has,  in  fact,  been  considerably 
exceeded,  by  an  experimental  trial  of  the  boring  machine, 
which  has  recently  been  made  at  the  Salford  Iron  Works! 
Manchester.    The  machine  there  executed  a  bore  hole  of  15 
inches  to  the  depth  of  212  feet  in  141  hours,  principally 
through  hard  sandstones  and  grit  stones,  such  as  are  quarried 
at  Chester  for  grindstones.    This  was  at  the  rate  of  18  inches 
per  hour,  under  the  obvious  disadvantage  of  working  only 
an  hour  or  two  each  day.    Had  the  machine  worked  con- 
tinuously, its  performance  would  doubtless  have  been  much 
greater.    Messrs.  Mather  and  Piatt  announce  the  capacity  oi 
the  machine  to  form  artesian  and  other  wells  up  to  3  .eet  in 
diameter,  through  strata  of  the  hardest  description,  and  to 
a  depth  of  3,000  feet  if  required. 


TEMPERATURE   OF  WELLS. 

Land  springs,  according  to  Mr.  Braithwaite,  have  usually 
a  temperature  of  52°,  and  water  in  wells  600  feet  deep  is 
usually  52°  or  53°.  He  has  understood  that  the  tempera- 
ture increases  1°  for  every  65  feet  after  a  certain  depth. 

The  water  in  the  artesian  well  at  Grenelle,  1,794  feet  deep, 
has  a  temperature  of  82°  or  82£°  Fahr.  (Sir  John  llobinson 
and  Sir  William  Cubitt). 

The  highest  temperature  recorded  in  tho  United  Mines  of 
Cornwall,  which  are  1,770  feet  deep,  was  96°  Fahr.  (Mi- 
Taylor).  V 

Tho  temperature  is  not  invariable  in  mines  even  at  the 
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same  depth  ;  for  instance,  Mr.  Fox  found  in  bis  experiments 
(Report  of  7th  meeting  of  British  Association)  that  at  the 
depth  of  1,740  feet,  where  the  lode  was  first  reached  in  the 
cross  cut,  the  temperature  of  the  water  was  92°;  but  on 
proceeding  along  the  same  cross  cut  at  10  fathoms  from  the 
lode  the  temperature  decreased  to  86°-3,  and  at  24  fathoms 
distant  it  was  85°-3.  Mr.  Fox's  experiments  show  an  increase 
of  1°  of  temperature  in  48  feet  calculated  from  the  surface. 

The  heat  of  the  water  is  undoubtedly  influenced  by  the 
.strata,  as  the  mines  in  North  Wales,  although  about  the 
same  depth  as  those  of  Cornwall,  are  much  colder. 

In  making  observations  on  the  temperature  of  wells  it  is 
important  to  observe  the  depth  at  which  the  water  really 
issues  from  the  spring,  because  it  will  of  course  be  affected 
by  mixing  with  other  water  in  the  well  or  boring;  and  if 
standing  some  time  in  the  well,  the  sides  will  exercise  a 
cooling  influence.  Mr.  Clarke,  the  experienced  well-sinker 
of  Tottenham,  says  he  found  water  taken  from  the  bottom 
of  a  well  540  feet  deep,  at  St.  Alban's,  was  4°  warmer  thau 
that  which  was  commonly  pumped  from  the  same  well.  He 
also  said  the  water  from  the  bottom  of  Barclay's  brewery 
well,  3G7  feet  deep,  is  3°  warmer  than  at  the  usual  water- 
level  in  the  same  well. 

Local  causes  sometimes  influence  the  temperature  of 
springs,  which  are  occasionally  found  warmer  at  the  surface 
than  at  a  greater  depth. 

DESCRIPTION  OF  SOME  REMARKABLE  WELLS  IN  AND  AROUND 

LONDON. 

Well  at  Messrs.  Meux's  Brewery.— This  well  is  situated  at 
the  Horseshoe  Brewery,  at  the  corner  of  Tottenham  Court 
Road  and  Oxford  Street,  where  the  ground  is  about  70  feet 
above  Ordnance  datum.  The  sinking  of  this  well  commences 
at  a  point  22^  feet  below  the  surface  of  tbo  ground,  which 
level  is  called  on  the  plans  of  the  brewery  the  "  floor-line 
of  regions." 
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The  following  is  a  tabular  statement  showing  the  structural 
work  of  which  this  well  consists  : — 

Depth  in 
feet. 

0  Floor-line  of  regions  22  J  feet  below  surface.  Top  of  7  feet 
brick  shaft. 

40     Bottom  of  brick  shaft  lined  with  brickwork  built  in  two  rings 

of  half  a  brick  each. 
61     Bottom  of  shaft  widening  out  from  7  feet  to  9}  feet  in  the 

clear,  also  lined  with  9  inch  brickwork. 
96     Top  of  iron  cylinder  8  feet  in  diameter,  which  commences 

within  the  brick  shaft  5  feet  above  the  base  of  the  latter. 
96     Top  of  inner  iron  cylinder  6  feet  in  diameter. 
101      Bottom  of  cylindrical  shaft  9J  feet  diameter  in  the  clear,  also 

lined  with  9  inch  brickwork. 
1  35     Bottom  of  8  feet  cylinder. 

144  Bottom  of  6  feet  inner  cylinder  (the  top  part  of  this  down  to 
about  129  feet  has  been  removed  so  that  only  the  lower  15 
feet  aie  left). 

164§    Base  of  conical  excavation  in  the  chalk  spreading  out  to  14 

feet  diameter  at  bottom. 
164|   Excavation  contracts  to  9  feet  diameter. 
165      10  inch  bore  commences. 

173^   Bottom  of  9  feet  excavation,  which  is  then  contracted  to 

8  feet  diameter. 
176      8  inch  bore  commences — top  of  8  inch  pipe. 
188     Bottom  of  excavation  8  feet  in  diameter. 
343     Bottom  of  8  inch  bore  in  hard  grey  chalk. 

The  following  are  particulars  of  the  strata  passed  through 
in  sinking  this  well,  the  depth  to  the  bottom  of  the  stratum 
being  given  in  each  case  : — 

Depth  in 
feet. 

0  Floor-line  of  regions  22}  feet  below  surface.  This  depth 
abovo  the  blue  clay  consists  of  made  ground,  diluvial 
gravel,  &c. 

44      Blue  clay. 

40}    Black  sand,  rather  wet. 

64      .Tointy  blue  clay. 

54}    Black  sand. 

59}    Jointy   clay  with   sandy  .joints,    clay    stone,   and   slid  la 
(?  soptaria). 
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Depth  in 
feut. 

61      Hard  jointy  cltiy. 
63     Hard  blue  clay. 

682    Brown  red  clay  with  light  blue  joints. 

72     Light  blue  clay  with  stones. 

f  3  Blue  sand. 

73|  Hard  red  clay. 

74|  Dark  brown  clay. 

76  Ditto  mixed  with  blue. 

77|  Dark  yellow  clay,  rather  soft. 

79J  Dark  red  clay  with  sandy  joints  or  partings. 

80  Blue  sand. 

8U  Yellow  clay  with  blue  joints 

84f-  Dark  brown  clay  with  blue  joints. 

85 1  Dark  brown  shelly  clay. 

88  Dark  blue  clay. 

90  Light  blue  clay. 

91  £  Black  clay  with  sulphur,  very  shelly. 

92  Black  shelly  clay. 

95  Mixed  yellow,  white,  and  red  clay. 

9G£  Clay  mottled  with  large  patches  of  red  and  white. 

98  Hard  pink  clay  mottled  red  and  white. 

991  Clay  mottled  with  red  and  brown,  and  with  blue  joints. 

101^  Mottled  red  and  white  clay. 

104^  Dark  brown  clay. 

109  Dark  brown  clay  mixed  with  blue. 

Ill  Dark  blue  jointy  clay 

113  Hard  black  sand. 

115  Bed  clay  and  sand. 

135  Sand. 

136  Gravel. 

137  Black  flints  on  top  of  chalk. 
292  White  chalk  and  flints. 
3001  Harci  sand  roc|. 

323  Hard  grey  chalk. 

331  Hard  sand  rock. 

338  Hard  grey  chalk. 

338  Hard  sand  rock  parting. 

343  Hard  grey  chalk  with  a  sand  parting  at  34 OJ  feet. 

Water-levels. — The  original  water-leve]  some  years  previous 
o  1843  is  marked  on  the  section  about  93  feet  below  surface 
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of  ground.  The  water-level  in  1843,  the  date  of  the  section, 
is  marked  at  115  feet  below  surface. 

The  present  ordinary  level  of  the  water  is  about  198  feet 
below  surface  of  ground.  When  the  pumps  were  stopped 
for  some  days  five  years  ago  the  water  rose  6  feet  above  this 
level,  but  has  never  since  been  so  high. 

At  the  level  of  209  feet  from  the  surface  several  adits,  about 
51  feet  high  by  4|  feet  wide,  have  been  driven  in  various 
directions.  The  entire  length  of  these  adits  is  about  500 
feet,  and  as  the  water  stands  above  the  roof  of  the  adits,  these 
are  consequently  always  full  of  water,  and  form  a  reservoir 
of  considerable  capacity.  A  large  quantity  of  water  was  met 
with  in  driving  the  adits. 

The  occurrence  of  water  in  the  bore  holes  below  the  shaft 
sinking  is  rather  uncertain  ;  nevertheless,  water  was  noticed 
at  the  following  depths  in  sinking  the  bore  hole,  namely,  at  215 
feet  from  floor-line,  or  237J  feet  below  surface  of  ground  : — 

Also  at  255  feet  below  floor-line. 

3001,,       n       Js  in  hard  sand  parting. 

328§  ,, 
331  ,, 

338    ;,       ,,       ;,  in  sand  rock  parting. 

340|  ,j       „       „  in  hard  sand  rock. 

On  one  occasion,  seven  years  ago,  when  the  pumps  both  at 
this  brewery  and  at  that  of  Combe,  Delafleld,  and  Co.  had  been 
idle  for  somo  days,  the  water  stood  at  173  feet  below  the 
surface  of  ground. 

The  well  has  a  duplicate  set  of  pumps,  each  sot  consisting 
of  three  similar  pumps.  These  arc  each  6  j  inches  in  diameter, 
with  an  18  inch  stroke.  During  the  hours  of  working  only 
one  sot  of  pumps  is  employed,  tho  other  being  only  used  in 
case  of  accident  to  the  first  set. 

The  barrels  of  the  pumps  usually  worked  are  about  105 
feet  below  the  floor-level,  or  187  feet  below  surface  of 
ground.  The  other  set  of  throe  pumps  have  their  barrels 
about  8  feet  below  those  of  the  first  set. 
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The  section-pipe  from  each  set  of  pumps  is  5  inches  in 
diameter,  and  reaches  to  about  188  feet  below  the  floor-line 
or  210  feet  below  surface  of  ground.    Thus  they  are  10  or 
12  feet  below  the  ordinary  surface  of  water,  even  when  the 
pumping  is  going  on. 

The  three  working  pumps  are  capable  of  raising  per  hour 
about  250  barrels  of  36  gallons,  or  about  9,000  gallons  an 
hour.  It  must  not  be  supposed,  however,  that  this  rate  of 
working  is  continued  during  the  whole  24  hours.  In  point 
o  fact  during  the  four  days  of  the  week,  from  Monday  to 
Ihursday  inclusive,  the  pumps  only  work  about  7  hours  out 
of  the  21.  On  Friday  and  Sunday  they  do  not  work  at 
all,  and  on  Saturday  only  about  5  hours.  Hence  the  whole 
work  of  the  week  is  : — 

From  Monday  to  Thursday  ^g  '9* 

On  Saturday  ^ 

33 

and  38  x  9000  =  297,000  gallons  per  week;  so  that  the 
average  for  each  day  throughout  the  year  may  be  taken  at 
zjixujis.  =42,430  gallons  per  day. 

Messrs.  Courage  and  Donaldson's  Well,  at  the  Anchor 
Brewery,  Horsleydown. 
This  well  consists  of  a  shaft  6  feet  in  diameter  and  100 
feet  deep,  with  a  boring  in  the  bottom  350  feet  deep  below 
the_  bottom  of  the  shaft.  The  shaft  consists,  at  the  top  of 
an  iron  cylinder  35  feet  in  length,  resting  on  a  brick  shaft 
bo  feet  deep  and  one  brick  thick. 

The  following  strata  were  passed  through :— 

Depth  from 
surface. 

Feet.  Thickness. 
32    Gravel  and  sand  and  made  ground 

82    Lino  clay.                                                *    *  * 
•  50 

97    Coloured  clay  ... 

112   Rock  eand    .   .  , 
126J  Fossil  sand  /?, 

K  2 
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Depth  from 
surface. 
Feet. 

140§  Green  sand  and  pebbles 
155    Sand  with  springs  .  . 
259    Chalk  with  flints    .  . 
350  Chalk  


Thiclcnefs 
Eeot. 

104 


The  bore  hole  is  lined  with  an  iron  tube  18  inches  dia- 
meter at  top,  then  diminishing  to  12,  and  afterwards  to  9 
inches.  The  top  of  the  18  inch  pipe  stands  8  feet  above 
the  bottom  of  the  shaft,  or  92  feet  from  the  surface  of  the 
ground.  The  18  inch  pipe  is  about  50  feet  in  length.  The 
12  inch  pipe  is  let  down  inside  the  18  inch,  and  goes  from 
the  top  of  this.  The  total  length  of  the  12  inch  pipe  is 
about  65  feet.  Then  begins  the  smallest,  or  9  inch  pipe. 
The  water  now  overflows  the  top  of  the  18  inch  pipe,  and 
stands  9  or  10  feet  above  the  bottom  of  the  shaft,  or  90  feet 
from  the  surface  of  ground. 

The  manager  cannot  speak  to  any  decrease  in  the  level  of 
the  water,  but  believes  that  in  the  absence  of  pumping  it 
would  stand  about  15  feet  higher. 

The  well  has  two  sets  of  pumps,  placed  between  GO  and  70 
feet  in  depth.  The  suction-pipe  draws  from  the  bore  hole. 
Each  set  of  pumps  will  throw  about  120  gallons  a  minute, 
or  7,200  gallons  an  hour. 

One  set  of  pumps  will  work  at  this  rate  for  18  hours  with- 
out materially  decreasing  the  water-level,  and  the  pumps  do 
habitually  work  8  or  10  hours  a  day  for  6  days  in  the  week. 

This  well  was  sunk  in  1859  or  1860  by  Messrs.  Easton 
and  Amos,  of  the  Grove,  Southwark ;  and  they  employed 
Mr.  Tilley,  of  Edmonton,  as  their  sub-contractor. 

Well  at  Bow  Bracer;/. 

The  site  of  the  brewery  is  close  to  the  Lcc  navigation, 
about  12  bet  below  level  of  Bow  church. 

The  shaft  hero  is  about  120  feet,  with  a  boring  in  the 
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bottom  180  feet  below  this,  making  the  total  depth  about 
300  feet.  The  top  of  the  shaft  is  formed  by  an  iron  cylinder 
about  12  feet  diameter  and  20  feet  deep.  To  this  succeeds 
a  brick  shaft  8  feet  diameter.  The  boring  in  the  bottom  is 
7i  inches  diameter.  The  depth  to  the  pump-barrels  about 
50  feet;  level  of  water,  60  or  70  feet  below  surface.  The 
pumps  work  14  or  15  hours  a  day. 

The  present  proprietors  of  the  brewery  had  only  been  in 
possession  a  few  months,  and  were  not  in  possession  of  any 
reliable  information  as  to  the  strata  passed  through,  nor  could 
I  learn  with  any  accuracy  the  quantit y  of  water  daily  pumped. 
The  water  is  slightly  tinged  with  a  milky  colour  when  first 
pumped,  but  becomes  perfectly  clear  after  standing  in  the 
backs.  It  is  used  for  all  purposes,  both  for  brewing  and  refri- 
gerating ;  and  is  said  to  be  well  adapted  for  pale  or  bitter 
ale,  which  was  made  at  this  brewery  some  years  ago. 

Well  at  Messrs.  Webb's  Mineral  Water  Works,  Islington 

Green. 

Level  of  ground,  105  feet  above  ordnance  datum. 

This  is  a  boring  225  feet  deep  into  the  chalk.  The  shaft  or 
well  is  only  about  20  feet  deep,  and  the  boring  in  the  bottom 
is  9  inches  diameter  for  the  first  100  feet.  This  is  lined 
with  a  cast-iron  tube,  and  then  succeeds  a  6  inch  boring 
lined  with  a  wrought-iron  tube. 

The  following  are  the  strata  passed  through  : — 


Depth  from 

surface.  Thickness. 

Feet.  Feet. 

12    Sand  and  ga-avel   12 

60    Blue  clay   48 

130    Mottled  clay   70 

140    Light  sand  with  shells   10 

147    Dark  blue  clay   7 

165    Dark  sand  and  pebbles   18 

175    Green  sand  and  oxide  of  iron   10 

178    Black  sand  and  shells   3 

181    Flints   3 

225    Chalk  and  flints  •   44 


Total  ...  225 
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There  being  no  shaft  in  this  case,  the  pump-barrel,  4 
inches  diameter,  is  simply  placed  in  the  .6  inch  bore  pipe,  at 
a  depth  of  about  180  feet  from  the  surface  of  ground.  The 
water  stands,  however,  at  a  much  higher  level  than  this  ; 
namely,  at  about  155  feet;  and  formerly  rose  to  within 
95  feet. 

On  the  sinking  of  the  neighbouring  deep  well  at  the  Penton- 
ville  Model  Prison  some  years  ago,  the  level  of  water  in  this 
bore  hole  sunk  about  15  feet ;  but  the  spirited  proprietor  then 
sunk  his  bore  hole  100  feet  deeper,  and  obtained  a  plentiful 
supply,  which  now  never  sinks  below  155  feet.  The  pump- 
barrel  contains  about  1  gallon,  and  Avill  deliver  at  the  rate  of 
30  gallons  a  minute,  but  the  usual  rate  of  pumping  is  from 
480  to  600  gallons  an  hour  ;  and  if  this  were  continuous 
during  the  24  hours,  it  is  said  no  diminution  of  level  would 
ensue. 

Independently  of  the  interest  presented  by  this  boring  into 
the  chalk,  the  mineral  works  of  Mr.  Webb  are  well  worthy 
of  a  visit.  The  processes  of  decomposing  the  chalk  by  sul- 
phuric acid,  storing  the  carbonic  acid  which  is  driven  off, 
saturating  the  spring  water  with  carbonate  of  soda  in  crys- 
tals, and  then  impregnating  the  water  with  the  carbonic  acid 
so  as  to  form  a  real  solution  of  bicarbonate  of  soda,  are  all 
extremely  well  worthy  of  observation.  Not  less  so  are  the 
means  taken  to  avoid  all  contact  both  of  the  gas  and  water 
with  metallic  surfaces,  and  the  consequent  use  of  slate  and 
earthenware  pipes,  and  even  in  some  cases  of  silver  cylinders 
and  pipes.  Mr.  Webb  deserves  all  the  prosperity  he  has 
achieved  for  tho  care  and  ingenuity  bestowed  on  every 
department  of  his  works. 

The  Well  at  Trafalgar  Square. 

The  site  of  this  well  is  37?  feet  above  sea-level.  The  well 
is  884  feet  deep,  and  consists  of  an  open  shaft  sunk  to  a 
depth  of  148  feet,  with  a  bore  hole  in  tho  bottom  230  feet 
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in  depth,  making  a  total  of  384  feet  below  the  ground 
surface. 

The  following  strata  were  penetrated  : — 

Depth  from 

suitiice.  Thickness. 
Feet.  Feet. 

15  Made  earth   15 

31  Sand  and  gravel   16 

169  London  clay   138  HM 

197  Mottled  clay   28  \  ^  g  2 

207  Sand  and  gravel   10  1*3' 

241  Green  sand   31  J  '  2  » 


3S4    Chalk  143 


Total  ...  384 

The  water  now  stands  about  108  feet  below  the  surtax 
of  the  ground,  and  according  to  Mr.  Beardmore,  yields  65 
cubic  feet  per  minute,  or  more  than  580,000  gallons  in  24 
hours. 


Well  at  the  Bank  of  England. 

The  bore  hole  here  reaches  to  307  feet  below  the  surface 
of  the  ground,  the  depth  to  the  chalk  being  207  feet. 

The  water  on  the  1st  of  January,  1852,  stood  at  61  feet 
below  Trinity  hign-water  mark,  and  on  the  1st  of  January, 
1869,  at  74  feet,  showing  a  diminution  of  the  water-level 
equal  to  13  feet  during  the  last  17  years.  In  January  of 
each  year  the  water  usually  stands  10  feet  higher  than  in 
August,  when  the  level  is  lower  than  at  any  other  part  of 
the  year. 

Well  at  the  Royal  Horticultural  Gardens,  South  Kensington. 

This  well  is  401  feet  deep,  and  consists  of  an  open  shaft 
226  feet  deep,  with  a  boring  carried  down  to  a  farther  depth 
of  175  feet. 
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The  following  strata  were  passed  through  : — 


Depth  from 

surface.  Thickness. 

Feet.  Feet. 

18    Made  earth   18 

40    Gravel  and  loam,  containing  a  little  water  22 

238    London  clay   198 

280    Mottled  clay   42 't  Hjjrf 

292    Pebbles  and  sand   12  |  ^,  I  1 

312    Green  sand   20  J-  4.  §■  ET 

»-»■  rn  ran 

316  B mining  grey  sand   4 

317  Flint   1, 

401    Chalk   84 


Total.    .    .  401 


The  water  now  stands  about  109  feet  below  the  surface, 
or  129  feet  above  the  base  of  the  London  clay. 

This  well  was  executed  by  Messrs.  Easlon  and  Amos,  who 
undertook  to  sink  it  to  a  depth  of  400  feet  for  a  stipulated 
price,  and  also  guaranteed  a  supply  of  water  equal  to  75 
gallons  a  minute,  or  about  108,000  in  21  hours.  Not  only 
is  this  quantity  available,  but  it  is  said  the  well  is  capable  of 
yielding  a  million  gallons  a  day  if  larger  pumps  aud  a  more 
powerful  engine  were  employed. 

Well  at  Guy's  Hospital. 

This  well  is  298 \  feet  deep.  It  consists  of  a  shaft  9  feet 
in  depth  and  8  feet  in  diameter,  lined  with  9  inch  brickwork. 
The  shaft  is  then  reduced  to  4J  feet  in  diameter,  the  fir.-;  25 
feet  in  depth  being  lined  with  5  cast-iron  cylinders,  each  5 
feet  in  length.  Below  the  iron  cylinders  the  shaft  is  the 
same  diameter,  namely,  4i  feet  in  the  clear,  and  is  lined  with 
i\  inch  brickwork.  A  12  inch  bore-pipe  extends  from  the 
bottom  of  tho  well  to  a  depth  of  298 \  feet  below  the  surface, 
and  is  continued  upwards  to  within  GO  feet  of  tho  surface. 

Tho  following  are  tho  strata  passed  through  : — 
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T3 
ft  . 

°  *s 

Eb-3 

03  ^ 


Depth  from 
surface. 
Feet. 

8  Superficial  or  made  earth 

10  Yellow  clay  

1 1  Black  loam  


Thickness. 
Feet. 

.  8 

.  2 

1 


14  Peat   3 

|  rt  {  33  Gravel   19 

LClayn  )  96  Blue  Clay 63 

118  Mottled  clay   22 

122  Dark  blue  clay   4 


Total 


.  122 


Well  at  Messrs.  WhitbreacVs  Brewery  in  Chiswell  Street, 
near  Finsbury  Square. 

Depth  from 
surface. 
Feet. 

0    Engine-house  floor. 
18    Bottom  of  brick  shaft  12  feet  diameter  in  the  clear,  and  about 

3  feet  in  thickness. 
12    Top  of  iron  cylinder  9  feet  diameter. 

34    Bottom  of  ditto,  and  top  of  brick  shaft  8  feet  in  the  clear,  lined 
■with  iron. 

123    Bottom  of  brick  shaft  8  feet  in  diameter,  and  one  brick  in 
thickness. 

120    Top  of  iron  cylinder  7  feet  diameter,  standing  3  feet  abovo 

bottom  of  brick  shaft. 
178    Bottom  of  iron  cylinder. 

143    Top  of  inner  iron  cylinder  5  feet  diameter,  this  being  25  feet 

above  bottom  of  outer  iron  cylinder. 
183    Bottom  of  5  feut  cylinder  at  top  of  chalk. 
1G3    Top  of  12  inch  pipe,  being  20  feet  above  bottom  of  5  feet  iron 

cylinder. 

408    Bed  of  12  inch  bore-hole  in  the  chalk. 
Strata  passed  through  : — 


Feet.  *cet- 

18  Made  ground  and  clay   18 

27  Gravel  and  little  water   9 

62  Blue  clay   35 

82  Coloured  clay,  very  sandy   20 

92  Black  and  green  sand  and  shells  10 

K  3 
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Depth  from 

surface.  Thickness 

Feet.  Feet. 

Ill    Grey  sand   19 

129    Sandy,  coloured  clay   18 

139    Green  sand   10 

151    Green  sand,  stones  and  pebbles  12 

183    Sand   32 

283    Chalk   100 


Chalk  continues.  283 


The  water  in  this  well,  from  observations  made  in  18GG, 
stood  at  about  132  feet  below  the  surface.  This  was  on 
Monday  morning,  when  the  pumps  had  been  out  of  action  for 
18  hours.  The  usual  water-level  now  is  from  170  to  174 
feet  below  surface,  but  the  water  would  rise  to  162  if  the 
pumping  were  discontinued. 

There  are  two  sets  of  pumps,  both  fixed  in  the  5  feet  iron 
cylinder.  One  set  consists  of  3  barrels  at  a  depth  of  about 
1G0  feet,  with  a  long  suction-pipe  which  reaches  to  173  feet 
in  the  bore-hole  ;  the  other  is  a  single  barrel-pump,  fixed  at 
171  feet,  with  a  shorter  suction-pipe. 

Messrs.  Whitbrcad  have  another  wrell  situate  very  close  to 
this,  and  very  similar  in  all  respects. 

The  pumps  in  one  well  throw  3,780  gallons  an  hour,  and 
in  the  other  3,456,  making  a  total  of  7,236  gallons.  The 
pumps  work  on  the  average  20  hours  a  day  during  6  day? 
a  week,  so  that  the  quantity  pumped  is  about  868,oii0 
gallons,  or  144,720  on  each  working  day. 

An  analysis  of  the  water  was  made  in  1866  by  Mr. 
Houghton  Gill,  of  University  College.  In  this  analysis  only 
1-53  grains  of  lime  are  reported  in  a  gallon  of  water.  The 
gallon  also  contained  *77  grains  cf  silica,  1*04  grains  of 
magnesia,  and  17"88  grains  of  soda.  The  acids  are  given 
separately,  namely — chlorine,  6-25  grains;  sulphuric  acid, 
7'!)1  ;  and  carbonic  acid,  6.90. 

Combining  these  acids  with  the  alkaline  earths  in  the  usual 
manner,  tho  analysis  will  thus  stand  : — 
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Grains 


Carbonate  of  lime  2-73 

„  magnesia  2-17 

ii  soda  11-01 

Sulphate  of  soda  13-91 

Chloride  of  sodium  11-69 

Silica   .77 

Organic  matter  .    .   -93 

43-26 

Hardness  of  the  water  by  Dr.  Clarke's  test    .  2-26 
i>         >>  after  boiling  two  hours  -15 


It  appears  from  the  comparative  softness  of  this  water, 
as  well  as  from  the  analysis,  that  this  can  by  no  means  be 
considered  a  chalk  water.  It  is  evidently  derived,  in  a  great 
measure,  from  the  sands  above  the  chalk.  The  quantity  of 
chloride  of  sodium  (common  salt)  is  remarkable  ;  but  in  this 
respect,  as  well  as  in  the  large  quantity  of  sodium,  tbe  ana- 
lysis closely  resembles  that  o>f  numerous  deep  wells  in  the 
chalk. 

Messrs.  Whitbread  very  kindly  allowed  me  access  to  an 
excellent  section  of  this  well,  made  in  1806  by  Messrs.  R. 
Moreland  and  Son,  of  Old  Street  Road. 


Well  at  the  Lion  Brewery,  Belvedere  Road,  Lambeth. 

This  was  formerly  the  brewery  of  Messrs.  Goding,  but  now 
belongs  to  a  company. 

The  following  statement  shows  the  construction  of  tbis 
well : — 

Depth  from 
surface. 
Feet. 

0    Sui-race  of  ground,  being  about  the  level  of  Trinity  high  water 
mark,  or  121  feet  ah0vo  Ordnance  datum.     Top  of  iron 
cylinder  6  feet  diameter. 
■32    Bottom  of  iron  cylinder  and  top  of  brick  shaft  6  foot  diameter 
and  one  brick  thick. 
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Depth  from 
surface. 
Feet. 

150    Bottom  of  6  feet  brick  shaft. 
115    Top  of  old  6  inch  bore  pipe. 
132    Top  of  new  12  inch  pipe. 
308    Bottom  of  6  inch  pipe. 
408    Bottom  of  12  inch  pipe. 


The  following  are  the  strata  passed  through : — 


Depth  helow 
surface. 

ThiekncM. 

Feet. 

Feet. 

14 

 14 

24 

 10 

331 

  91 

131J 

 98 

1721 

 41 

1821 

 10 

1941 

 12 

2141 

.....  20 

408 

 1931 

408 


This  well  was  sunk  in  1837,  when  the  water-level  was 
about  40  feet  below  the  surface.  It  is  now  about  86  feet 
below  the  surface. 

There  are  2  sets  of  pumps  in  this  well,  3  in  each  set. 
They  are  of  the  same  capacity  as  in  several  of  the  other 
large  breweries,  each  set  throwing  about  200  barrels  an 
hour,  and  as  each  barrel  contains  36  gallons,  this  is  equal 
to  7,200  gallons  an  hour.  No  deficiency  of  water  com- 
plained of. 

The  average  quantity  of  water  pumped  from  this  well  is 
about  72,000  gallons  a  day.  After  12  hours'  pumping  the 
water-level  is  reduced  about  10  or  12  feet.  The  well  was 
erected  in  1837  at  a  cost  of  about  £1,200.  The  contractors 
were  Messrs.  Baker  of  Southwark  Bridge  Road.  (Information 
furnished  by  Mr.  T.  J.  Thompson,  secretary  to  the  Lion 
Brewery  Company,  Limited). 
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Messrs.  Reid's  Well  at  Liquorpond  Street. 

This  well  is  222  feet  5  inches  deep  from  surface  of  ground 
to  bottom  of  well. 

The  following  strata  were  passed  through  : — 

Depth  from 
surface. 
Feet. 

7      Made  ground  .... 

16  Gravel  

18     Yellow  clay  

58     London  clay  

102      Clay  and  sand  (Woolwich) 
156     Sand  (Thanet)  .... 
222-5  Chalk  

222-5 


Thickness. 

Feet. 
.  7 
.  9 
.  2 
.  40 
.  44 
.  54 
.  66-5 


Two  trials  were  recently  made  of  the  height  at  which  the 
water  stands  with  the  following  results : — Sept.  23,  1869. 
After  an  entire  cessation  of  pumping  during  84  hours  the 
water  stood  33  feet  deep  in  the  well,  or  189-5  feet  below  sur- 
face of  ground.  Sept.  24,  1869.  After  cessation  of  pumping 
during  24  hours  the  water  stood  17|  feet  deep  in  the  well, 
or  205|  feet  below  surface  of  ground.  The  latter  depth  is 
very  constant,  and  the  one  usually  allowed  to  accumulate. 


Well  at  Kensington  Gardens. 

Sunk  for  supplying  the  Serpentine  when  the  Bayswatei 
Brook,  owing  to  the  admixture  of  sewage,  became  too  offen- 
sive for  the  purpose. 

This  well  is  321  feet  in  depth,  and  the  water  rises  to  within 
105  feet  of  the  surface.  For  203  feet  in  depth  the  well  is  6 
feet  in  diameter,  lined  with  the  following  thicknesses  of 
brickwork : — 
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25  feet  with  9  inch 
67    „       ,,    H  ,, 

5  ,)    9  ,> 

10    „       „  14  „ 

5  i)    9  „ 

91    „  H 

203  feet. 

The  remainder  of  the  well  is  lined  with  iron  cylinders 
4  feet  0  inches  in  diameter.  These  cylinders  are  continued 
inside  the  steining  to  within  173  feet  of  the  surface. 


Depth  from 
surface 
Feet 


CO 

a! 


f  122 
127 
137 
141 
145 


Thickness. 
Feet. 


149 

152 

196 

196| 

298i 


122  | 


Made  ground  and  London  clay  .    .  . 

Shells  and  sand  

Mottled  clay  

Sand  and  pebbles  

Mottled  clay,  green-coloured  sand,  and 

pebbles  

Green-coloured  sand  and  pebbles    .  . 

Green- coloured  sand   3  | 

Grey  sand  ^4 ) 

Layer  of  flints   a 

Chalk  102 


CC  CD 

2  p 


p 
p. 


Total  .    .    .  298i 


^jjmmB  FliZZ  PF«ZZ,         the  source  of  the  New  River,  in 
Hertfordshire. 

This  well  is  sunk  entirely  in  the  chalk,  the  entire  depth  of 
well  and  boring  being  101  feet.  The  shaft  is  lined  with 
0-inch  brickwork  for  a  depth  of  81  feet  from  the  surface  j 
then  succeeds  a  shaft  10  feet  diameter,  without  any  lining. 
From  this  shaft  headings  arc  driven  0  feet  high,  and  4  feet 
6  inches  wide.  In  the  centre  of  the  shaft  is  a  2  feet  bore, 
which  at  sorao  depth  is  reduced  to  9  inches.  This  well  is 
said  by  Mr.  Mylno,  in  his  evidence  on  tho  Metropolis  Water 
Supply,  1852,  to  yield  2,100,000  gallons  a  day. 
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Cheshunt  Well  of  the  New  River  Company. — London  clay 

formation. 

The  entire  depth  of  well  and  boring  is  171  feet. 
The  following  is  the  construction  : — 

Depth. 
Feet. 

.Shaft  \\h  feet  diameter,  lined  with  14  inch  brickwork    .  12 
Shalt  9  feet  diameter,  lined  with  9  inch  brickwork     .    .  41 
Cast-iron  cylinders  8  feet  in  diameter,  carried  up  to 
within  15  feet  of  the  surface,  making  depth  of  cylin- 
ders 90  feet  49 

Cast-iron  cylinders  6  feet  10  inches  in  diameter,  rising 

35  feet  within  8  feet  cylinders,  equal  in  depth  to 

36  feet   i 

Bottom  of  cast-iron  cylinders  6  feet  in  diameter  and  13 

feet  below  that  of  8  feet  12 

Brick  steining,  forming  foundation  for  6  feet  cylinders  .  7 
Bottom  of  cone  12J  feet  diameter  at  base  19 

Headings  are  driven  at  this  level  7  feet  bigh  and 
4ij  feet  wide. 

Bore-hole  S  inches  diameter  27 

Total  .    .  .171 
The  following  strata  were  passed  through  : — 

Depth  below 

surface.  Thickness. 
Feet.  Feet. 
1|    Superficial  earth  l£ 

9i  Gravel  8 

London )  . 

Clay.   \  54i  Elue  clay   45 

561  Yellow  clay   2)  Reading 

68i  White  sand   12  [  and  Thanet 

107|  Dark-coloured  sand   39 )  Series. 

171  Chalk   631 

Total  .    .  .171 
This  well  is  said  to  yield  702,000  gallons  a  day. 

Sir  Henry  Menx's  Well  at  Cheshunt. 
This  well  is  71  fect  deep,  with  borings  in  tho  bottom 
ending  to  a  depth  of  202!  feet  from  the  surface. 
The  actual  shaft  of  71  fect  in  depth  is  lined  with  4£  inch 
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brickwork.    The  remaining  13H  feet  consist  of  a  bore-hole 
commencing  at  7  and  then  reduced  to  4  inches. 
The  following  strata  were  passed  through : — 

Depth  below  Thickness. 

£l"'faf-  Feet. 
Feet. 

5  Gravel  

64  Blue  clay   59 

76  Coloured  clay  

77  Dark-coloured  sand   1 

82|  Sand  and  pebbles   5£ 

85J  Bright  sand   3 

1201  Dark  sand   3,3 

124*    Flints  and  chalk  4 

 78 

Total   .    .    .  2021 


202i  Chalk 


Well  at  Crossness. 
This  well  has  been  sunk  to  endeavour,  if  possible,  to  obtain 
a  large  supply  of  water  for  condensation  of  the  steam  pro- 
duced by  the  large  pumping  engines  employed  by  the  Metro- 
politan Board  at  Crossness.  The  average  quantity  of  water 
required  here  for  condensation  alone  is  about  600  gallons 
per  minute,  or  864,000  gallons  per  day  of  24  hours ;  but 
the  maximum  required  for  that  period  would  be  double  this 
quantity.  In  addition,  about  2,500  gallons  per  day  would 
be  required  for  domestic  purposes. 

In  the  construction  of  this  well  a  shaft,  lined  with  iron 
cylinders,  has  been  sunk  to  a  depth  of  81*  feet.  In  this  an 
18  inch  bore-pipe  has  been  inserted,  commencing  at  50  feet 
below  surface,  and  carried  down  to  a  depth  of  166  feel  below 
surface.  To  this  succeeds  an  18  inch  bore,  without  any 
lining,  carried  down  through  the  upper  and  white  chalk  into 
the  chalk  marl,  about  552  f\>t,  or  to  a  depth  below  surface 
equal  to  718.1  feet.  The  bo.'ng  then  diminishes  to  5  inches, 
a  pipe  of  this  size  commencing  at  785^  feet,  and  extending  to 
884*  feet  below  surface.  At  849  feet  a  4  inch  pipe  com- 
mences, namely,  85J  feet  above  bottom  of  5  inch  pipe,  and 
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is  carried  down  81  feet,  namely,  to  930  feet  below  surface. 
A  3  inch  pipe  commences  at  909  feet  below  surface,  and  is 
carried  down  48  feet,  or  to  957  feet  below  surface.  Below 
this  is  a  2|  inch  pipe,  which  only  extends  about  4  feet,  or 
to  a  total  depth  below  surface  of  961  feet,  when  the  further 
prosecution  of  the  work  was  stopped. 

The  following  strata  have  been  encountered : — 


Depth  from 
surface. 
Feet. 
12 


Thickness. 

Feet. 
.  12 


1* 


Made  ground  

Alluvial  deposit  

Light  brown  clay  31 

Blue  silty  clay,  with  vegetable  matter  .  3£ 
Peat,  with  remains  of  forest  trees    .    .      6J  N 

Dark  grey  silty  clay  If 

Peat  and  clay  in  thin  layers  with  de- 
cayed wood   11 

321-    Dark  grey  silty  clay  2^ 

Silty  sand  2  y 

Grey  rectangular  flint  gravel  (sometimes 
partaking  of  the  character  of  run- 
ning sand),  intermixed  with  iron 

pyrites  and  blue  clay  

Sand  with  flint  and  shells,  very  hard  . 
991-    Fine   sand,  with   flints,  pebbles,  and 

small  shells  41 

Fine  green  sand  1^. 

103J    Fine  grey  sand  with  small  flints  ...  2§ 

113 i    Fine  dark  sand  and  flints  9| 

Fine  light  Woolwich  sand  354 

Sand  strongly  cemented  by  iron  pyrites  5 

Loam  and  pebbles  lj 

La)-er  of  flints  

Chalk  with  layers  of  flints  from  2ft. 


13* 
17 

20f 
27 
28} 
30 


34i 
83^ 


95 


\  3. 


p" 


49  J 


101 


149 
154 

loo  §■ 
156 
602 


g  1-3 


■  ■■<  '  pu 

>~i  Cu  ^ 
g.  w  O 
CD  o 
co  o  1 — 1 

a  o' 

a- 

CD  w 


802      Chalk  marl  with  few  Hints 

814  Sandy  green  marl  .  .  . 
961      Gaultclav  . 


J.  > 

2 

446 

Upper  r 
lower  cl: 

200 

%pu 

Upper 
green 
sand. 

147 

Gault. 

961 
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The  bore-holes  of  this  well  should  evidently  have  been  of 
much  larger  capacity,  and  should  not  have  been  reduced  so 
rapidly.  At  the  depth  now  reached  the  bore-hole  should 
have  been  10  or  12  inches  diameter,  instead  of  2|. 

The  present  bore-hole  has  not  penetrated  the  gault  by  60 
or  70  feet.  Below  this  depth  the  lower  green  sand  would 
probably  be  met  with,  so  that,  if  the  boring  were  continued 
another  100  feet,  an  abundant  supply  of  water  would  pro- 
bably have  risen  in  the  bore-hole. 

Well  at  the  Crystal  Palace. 

This  well  is  Si  feet  in  diameter,  and  is  sunk  to  a  depth  of 
245  feet. 

At  this  depth  a  boring  was  commenced,  and  fitted  with 
pipes  15  inches  diameter. 

At  150  feet  from  the  surface  several  headings  were  driven 
from  30  to  50  feet  in  length.  These  were  commenced  at 
4  feet  in  height,  but  considerably  increased  as  the  work  pro- 
ceeded. 

At  a  depth  of  259  feet  the  boring  passed  through  a  bed  of 
sand  between  two  beds  of  plastic  clay,  and  from  this  sand 
the  water  rose  in  the  well  to  a  height  of  142  feet,  and  filled 
the  headings  in  eight  hours. 

The  boring  was  continued  through  the  lower  tertiary  sands 
till  it  reached  the  chalk  at  3G0  feet  in  depth,  and  bad  pene- 
trated the  chalk  190  feet,  thus  reaching  a  depth  ol  550 

feet  below  surface. 

It  must  be  observed  that  the  main  supply  of  wafer  in 
this  well  is  derived  from  the  sand  spring  at  259  feet,  and 
very  little  addition  to  this  was  gained  by  the  deep  boring 
into  the  chalk. 

The  well  was  sunk  in  1853-5,  and  no  accumulation  of 
sand  took  place  until  this  year,  when  it  was  necessary  to  take 
out  about  25  cubic  yards,  leaving  still  some  accumulation 
which  will  require  early  removal- 


DESCRIPTION   OP   SOME   REMARKABLE  WELLS. 


211 


Well  at  Cold  Bath  Fields. 

This  well  was  sunk  in  1866-7  by  Messrs.  Baker  and  Sons 
for  the  Visiting  Justices  of  Middlesex.  The  well  commences 
with  a  diameter  of  6  feet  10  inches,  being  lined  through  the 
gravel  and  diluvial  clay  Avith  five  iron  cylinders  of  this 
diameter.  Below  this  extends  a  shaft  lined  with  9  inch  brick- 
work to  a  depth  of  102  feet  from  surface.  Iron  cylinders 
5  feet  2  inches  in  diameter  were  then  inserted  down  to  the 
chalk,  which  was  reached  at  182  feet  from  surface.  The  well 
was  then  excavated  to  a  diameter  of  10  feet,  and  by  the  time 
20  feet  of  this  size  had  been  sunk,  a  supply  of  water  was 
obtained  equal  to  150  gallons  a  minute,  or  about  216.000 
gallons  in  twenty-four  hours.  The  water  issued  with  great 
force  through  the  horizontal  partings  of  the  chalk.  This 
supply  was  deemed  by  the  Justices  sufficient  for  their  pur- 
pose, otherwise  a  much  larger  quantity  could  doubtless  have 
been  obtained  by  sinking  deeper. 

Wells  of  the  Kent  Waterworks  Company. 

These  wells  afford  fine  examples  of  the  supply  derived 
purely  from  the  chalk.  One  of  these  wells,  sunk  by  Messrs. 
Baker  and  Sons,  at  Shortlands,  passed  through  about  6  feet 
of  gravel,  and  then  nearly  60  feet  of  Thanet  sand  into  the 
chalk.  All  the  gravel  and  sand  springs  were  cut  off  and 
prevented  from  entering,  and  after  this  a  very  copious 
supply  was  obtained  from  the  chalk. 

Well  at  Walker's  Brewery,  Limehoii.se. 

This  is  a  well  just  completed  by  Messrs.  Baker  and  Sons, 
in  which  a  large  volume  of  water  was  found  in  the  gravel 
overlying  the  chalk — about  180  gallons  per  minute.  Tho 
well  is  sunk  through  very  variable  strata  down  to  the  chalk, 
in  which  a  boring  is  made  to  the  depth  of  160  feet. 

The  water  from  the  chalk  rises  in  this  well  upwards  of 
100  feet  above  tho  spring,  and  it  is  calculated  the  supply 
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of  chalk  water  alone  will  be  over  25,000  gallons  an  hour. 
The  brick  lining  of  this  well  is  formed  of  the  best  bricks, 
burnt  from  the  gault  clay,  and  set  in  Roman  cement ;  but 
the  whole  of  the  well  below  the  water-line  is  cased  with  iron 
cylinders. 

Well  at  the  North  Surrey  Schools,  Anerley. 

A  well  was  sunk  here  by  Messrs.  Baker  in  1867,  to  a 
depth  of  220  feet,  in  London  and  coloured  clays.  A  boring 
of  43  feet  was  then  made  through  pebble  beds  and  mottled 
clays.  At  a  depth  of  243  feet  from  the  surface  a  bed  of 
sand  9  feet  in  thickness  was  reached;  this  bed  was  very 
fully  charged  with  water,  which  rose  rapidly  till  it  reached 
a  height  of  118  feet  in  the  well,  or  102  feet  from  the  surface. 

This  spring  has  ever  since  entirely  supplied  the  schools. 
Three  pumps,  each  51  inches  diameter,  were  put  to  work, 
and  have  been  daily  in  action  ever  since,  always  with  an 
ample  supply. 

The  level  of  water  in  this  well  is  considerably  affected 
when  extensive  pumping  is  going  on  at  the  Crystal  Palace  ; 
showing  that  the  supply  is  probably  derived  in  both  cases 
from  the  same  sand  springs,  and  that  no  impervious  fault 
exists  between  them. 

Well  at  the  Lunatic  Asylum,  Colney  Hatch. 
Was  executed  by  Messrs.  Baker  and  Sons.  The  chalk  was 
found  in  this  well  at  a  depth  of  189  feet  from  the  surface, 
and  a  large  supply  of  water  was  obtained  both  from  tho 
chalk  and  from  the  tertiary  sands.  The  depth  sunk  in  the 
chalk  amounted  to  141  feet. 

Well  at  the  Victoria  Terminus  of  the  London,  Brighton,  and 
South  Coast  Railway  at  Pimlico. 
A  well  was  sunk  here  by  the  Messrs.  Baker  in  18G1  of 
tho  following  construction  :— Cast-iron  cylinders  G  feet  m 
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diameter  were  driven  through  the  gravel  into  the  London 
clay,  after  -which  the  shaft  was  lined  with  9  inch  brickwork 
to  a  depth  of  140  feet  below  the  surface.  This  was  entirely 
through  London  and  mottled  clay.  A  boring  was  then  com- 
menced, and  this,  at  177  feet  below  surface,  came  to  sand 
and  water.  About  9  feet,  or  to  a  depth  of  186  feet,  the 
sand  was  so  much  indurated  as  to  resemble  stone,  and  the 
colour  very  white.  Sand  continued  to  190  feet  below  sur- 
face, then  came  white  and  mottled  clay  to  about  206  feet. 
Then  Thanet  sand  for  about  58  feet  down  to  the  chalk, 
which  was  reached  at  264  feet  below  the  surface.  This 
well  yields  a  good  supply  of  water  entirely  from  the  sand 
springs,  and  when  the  weU  was  first  sunk  this  water  rose  to 
within  7  feet  of  the  surface. 

Well  at  Old  Maiden. 

This  is  a  well  executed  by  Messrs.  Baker  in  1859,  for  tho 
London  and  South  Western  Railway  Company.  The  sink- 
ing passed  through  281  feet  of  London  and  mottled  clay  into 
a  bed  of  sand  about  4  feet  in  thickness,  and  very  full  of 
water.  The  water  from  this  bed  rose  very  rapidly,  and  so 
high  as  to  overflow  the  surface.  It  is  said  this  overflow  has 
continued  ever  since. 

Well  at  Messrs.  Waltham  Brothers'  Brewery,  Stockwell. 

This  well  is  sunk  and  bored  to  a  depth  of  380  feet.  Tho 
first  100  teet  is  an  open  shaft  lined  with  brickwork,  and  the 
remaining  280  feet  are  bored.  The  pipe  rises  about  40  feet 
above  the  bottom  of  the  bore-hole,  and  the  water  overflows 
the  pipe  within  60  feet  of  the  surface. 

The  first  21  feet  consist  of  made  ground  and  reddish 
gravel,  then  79  feet  of  London  clay,  making  the  100  feet 
depth  to  which  the  well  is  sunk.  Tho  bore-hole  then  passes 
through  the  lower  tertiary  beds,  which  arc  chiclly  sand, 
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with  a  few  strata  of  clay.  The  depth  of  these  is  92  feet, 
when  the  bore-hole  reaches  the  chalk,  into  which  it  pene- 
trates nearly  190  feet. 


Well  at  Greenwich  Hospital. 

This  well  is  sunk  to  a  depth  of  155  feet,  and  continued 
by  boring  to  a  further  depth  of  150  feet,  making  a  total  of 
305  feet. 

The  following  strata  were  passed  through  : — 


Surface  soil  and  alluvial ..... 

Ft. 

....  11 

in. 
0 

0 

10  I 

Blue  clay  and  shelly  rock  .... 

10 

0 

White  sand  and  water    .  . 

0  - 

Green  sand  and  pebbles  .... 

0 

Dark  sand  and  water  .  . 

10 

Bed  of  flint  .... 

°J 

Chalk  . 

■    ■    .  180 

6 

305 

0 

This  well  produces  120  gallons  per  minute,  the  water 
rising  to  within  19  feet  of  the  surface. 

Chalk  Wells  at  Watford. 

The  water  in  this  neighbourhood  is  met  with  so  near  tho 
surface  of  tho  ground,  that  it  is  usual  to  sink  a  shallow  well 
of  large  diameter,  and  put  down  a  bore-hole  at  the  bottom. 
The  largo  size  of  the  well  affords  a  lodgment  for  the  water, 
and  serves  tho  purpose  of  a  small  underground  storo  reser- 
voir. Tho  well  recently  sunk  at  Watford  for  the  supply  of 
the  town  is  15  foot  iu  diameter,  33  feet  deep,  and  lined 
with  9  inch  brickwork,  all  laid  as  headers.  The  upper  15 
feet  is  laid  in  cement.  The  well  is  domed  over  with  9  inch 
brickwork,  laid  in  Portland  comcnt,  a  circular  man-hole, 
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3.1  feet  diameter  being  left  in  the  centre,  and  covered  over 
with  a  York  landing- slab. 

A  bore-hole,  sufficient  to  admit  a  pipe  of  12  inches  clear 
internal  diameter,  has  been  made  to  the  depth  of  about 
70  feet  in  the  bottom  of  the  well.  A  pipe  of  this  diameter, 
AO  feet  long,  is  inserted  in  the  bore-hole.  The  pipe  is  of 
galvanized  cast-iron,  f  of  an  inch  in  thickness.  It  is  fur- 
nished with  a  flange  at  the  top,  to  prevent  it  sinking  into  the 
bore-hole,  and  is  so  fixed  as  to  have  its  upper  part  or  flango 
S  inches  above  the  floor  of  the  well. 


ADDITIONAL  WELLS  MENTIONED  BY  MR.  BEARDMORE. 

Well  in  the  Hampstead  Road,  sunk  by  the  New  Eivci 
Company,  on  a  site  90  feet  above  mean  sea-level. 

Well  at  Woolwich,  on  a  site  22i  feet  above  mean  sea- 
level.  Depth  in  chalk,  580  feet ;  yield,  1G0  cubic  feet  per 
minute,  or  1,400,000  gallons  per  day. 

Well  at  Brampton,  on  a  site  152  feet  above  mean  sea- 
level.  Depth  in  chalk,  160  feet;  yield,  33  cubic  feet  per 
minute,  or  nearly  297,000  gallons  per  day. 


REGENT  WELLS  SUNK  BY  MR.  PATEN. 

Well  at  Harrow,  for  the  supply  of  the  town,  sunk  on  a 
spot  where  the  surface  of  the  ground  is  266  feet  abovo 
Ordnance  Datum,  or  mean  level  of  the  sea. 

This  well  is  6  feet  in  diameter,  and  is  sunk  to  a  depth 
of  193 1-  feet,  partly  in  London  clay,  partly  in  the  under- 
lying coloured  clay  and  sands,  and  partly  in  chalk.  A 
boring  of  15  inches  diameter  then  passes  through  210  feet 
of  chalk,  making  the  entire  depth  of  403  |  feet  below  the 
surface. 

The  following  arc  the  strata  passed  through  : — 
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Brown  clay  .  . 
Blue  clay  .    .  . 
Mottled  clays 
Sand  and  pebbles 
Chalk  with  flints 


Ft.  in. 
32    0  i 
79    0  J 
26    0  | 
23    0  ) 

243  6 


London  clay. 
Plastic  clay. 


403  6 


The  usual  pebble  bed  was  met  with  at  the  base  of  the 
London  clay. 

The  water  rose  in  this  well  to  within  125  feet  of  the 
surface,  or  141  feet  above  Ordnance  Datum.  When  the 
water  is  pumped  at  the  rate  of  200  gallons  per  minute,  the 
water  stands  permanently  at  12  feet  below  this  level,  or 
129  feet  above  Ordnance  Datum. 

It  is  unnecessary  at  present  to  pump  more  than  200 
gallons  a  minute,  as  the  supply  required  for  the  town  is 
only  about  150,000  gallons  a  day,  in  addition  to  which  the 
Harrow  Station  of  the  London  and  North- Western  Railway 
has  to  be  supplied.  The  well  would  doubtless  yield  con- 
siderably more  if  it  were  required. 

Edgcware  Public  Well. 
Site  of  well  188  feet  above  mean  sea-level,  and  the  water 
rises  to  within  90  feet  of  the  surface,  or  98  feet  above  mean 
sea-level. 

The  well  is  4  feet  6  inches  diameter,  and  90  feet  in  depth, 
and  below  this  is  a  7  inch  boring  201  feet  deep,  making  a 
total  depth  from  surface  of  291  feet. 

The  following  strata  were  passed  through  : — 


Feet. 


Blue  clay 


Brown  clay  and  gravel  20  j  ^ 

Ulna  olotr   O0  I 


inch  pipes  wcro  driven  into  the  chalk    64  j 


Clialk  and  flints 
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The  quantity  pumped  is  uncertain,  and  is  considerably 
more  in  summer  than  in  winter.  If  the  present  pumps, 
however,  were  worked  regularly,  the  well  would  yield  at 
least  50,000  gallons  per  day. 

Well  at  the  London  Orphan  Asylum,  Watford. 

This  well  is  sunk  on  a  site  about  190  feet  above  mean 
sea-level,  and  the  water  rises  to  within  52  foet  of  the  sur- 
face, or  138  feet  above  mean  sea-level.  The  well  is  G  feet 
in  diameter,  and  51  J-  feet  deep.  In  the  bottom  is  an  8  inch 
boring,  255i  feet  deep,  making  a  total  depth  of  307  feet. 

The  following  are  the  strata  : — 

_  Feet. 
Brown  clay  

Gravel   ,  q2 

Sand   joa 

Chalk  and  flints  

Yield  of  well  about  80,000  gallons  a  day. 


Well  at  Alperton,  near  Ealing. 

This  well  is  sunk  on  a  level  with  the  rails  at  Sudbury 
Station,  on  the  London  and  North- Western  Railway. 

The  well  is  5  feet  in  diameter,  and  195  feet  deep,  with 
a  10  inch  boring  in  the  bottom  205  feet  deep,  making  total 
depth  400  feet. 

The  water  stands  35  feet  below  top  of  well. 

The  following  strata  were  passed  through  :  

Yellow  clay 
Blue  clay    .  . 
Coloured  clay  . 
Sand  and  pebbles 
Chalk  and  Hints 

L 


Fret. 

London  clay. 


25  j 
140  J 


3G 
1 

182 


^  |  Lower  tcrtiarj 
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The  permanent  pumps  have  not  yet  been  fixed ;  but  it  is 
probable  the  well  will  yield  nearly  300,000  gallons  per  day. 

Well  at  Berkhampstead,  for  supply  of  the  Toim. 

The  site  of  this  well  is  340  feet  above  Ordnance  Datum, 
and  the  water  stands  within  8  feet  from  top  of  well,  or  332 
feet  above  Ordnance  Datum. 

The  actual  well  is  4  feet  6  inches  in  diameter,  and  is  only 
sunk  10  feet  deep,  and  is  then  succeeded  by  an  8  inch  boring 
200  feet  in  depth,  making  a  total  of  210  feet. 

Strata  passed  through  : — • 

feet. 

Cla)'  6 

Gravel  6 

Chalk  and  flints  198 

210 

The  quantity  pumped  from  this  well  and  boring  is  about 
50,000  gallons  a  day. 

Wells  sunk,  at  Dancers'  End,  near  Tring,  for  the  Chiltern 
Hills  Water  Company,  to  supply  the  towns  of  Aylesbury  and 
Tring. 

These  works  are  of  considerable  magnitude,  and  consist  of 
three  wells,  each  23G  feet  deep,  with  adits  541  feet  in  length, 
and  five  borings  of  7  inches  diameter,  each  about  55  feet 
deep.  The  surface  of  the  avcIIs  is  5G2  feet  above  sea-level, 
and  the  water  line  is  178  feet  below  this,  or  384  feet  above 
moan  sea-level. 

The  three  wells  arc  respectively  41,  51,  and  G  feet  in 
diameter,  and  arc  wholly  sunk  in  chalk.  The  adits  arc  5 J 
feet  wide  and  7  feet  high,  and  aro  driven  at  22G  feet  below 
top  of  wi  lls. 

The  average  quantity  of  water  pumped  per  day  is  about 
400,000  gallous. 
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It  seems  clear  from  the  analyses  of  water  from  most  of 
the  brewers'  wells  in  London  that  the  supply  is  chiefly  from 
the  mass  of  grey  sands  overlying  the  chalk,  and  not  from  the 
chalk  itself.  The  waters  are  never  hard  enough  for  true 
chalk  waters,  nor  do  they  contain  any  large  proportion  of 
carbonate  of  lime.  The  alkaline  salts,  in  fact,  are  chiefly 
sulphates  and  chlorides. 

It  appears  that  the  most  certain  method  of  obtaining 
water  in  the  chalk  is  by  driving  adits,  headings,  or  driftways! 
ana  not  by  boring. 


ON  SUPPLIES  OF  WATER  FROM  THE  LOWER  GREEN  SAND  IN  THE 
NEIGHBOURHOOD  OF  LONDON. 

The  success  of  the  artesian  wells  at  Passy  and  GreneUe, 
near  Pans,  has  been  sufficient  to  induce  several  attempts  to 
procure  water  by  sinking  or  boring  into  the  lower  green  sand 
near  London. 

The  Paris  wells  and  borings  have  successively  penetrated  a 
great  mass  of  tertiaries  overlying  the  chalk,  then  the  chalk 
itself,  then  the  upper  green  sand  and  the  gault,  and  finally 
have  reached  an  abundant  supply  of  water  in  the  lower  green 
sand.  ° 

The  succession  of  strata  in  the  London  basin  underlying 
he  chalk  has  usually  been  considered  the  same  as  that  in 
the  Pans  basm,  and  hence  considerable  works  have  been 
undertaken  with  the  view  of  procuring  water  by  sinkin- 
through  the  chalk  down  to  the  lower  green  sand. 

The  borings  at  Paris,  which  penetrate  the  lower  green 
sand,  are  1,800  feet  in  depth;  but  the  configuration  of  the 
London  basm  induced  geologists  to  suppose  that  beneath 
London  the  lower  green  sands  would  be  reached  at  a 
depth  considerably  less  than  this.  Numerous  sinkings 
which  have  recently  been  made  through  the  chalk  between 
Calais  and  London  have  proved  that  the  same  succession 
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does  not  everywhere  prevail,  and  that  much  older  rocks 
seem  in  places  to  succeed  the  chalk  than  those  which  are 
found  beneath  the  chalk  of  Paris.  Thus  at  Calais,  it  was 
found,  after  the  chalk  had  been  penetrated  to  a  depth  of  nearly 
1,300  feet,  that  all  the  secondary  rocks  were  then  absent, 
that  there  was  no  green  sand,  no  oolites,  nor  even  red  sand- 
stone, but  that  rocks  of  the  carboniferous  series  actually  suc- 
ceeded and  underlaid  the  chalk.  At  Harwich,  again,  it  was 
found  that  the  chalk,  which  was  passed  through  at  a  depth 
of  1,000  feet  below  the  surface,  was  immediately  followed 
by  slatea '  which  probably  belonged  to  the  carboniferous 
series. 

At  a  well  sunk  by  the  New  River  Company  at  Kentish 
Town,  the  gault  was  found  beneath  the  chalk  ;  but  after  a 
depth  of  1,113  feet  had  been  reached  a  series  of  red  sand- 
stone beds  appeared,  in  place  of  the  lower  green  sand. 

All  these  facts  seem  to  lend  great  authority  to  the  view 
that  some  great  axis  of  elevation  connects  the  coal  districts 
of  Belgium  and  the  BasBoulonnais  with  the  granitic  country 
of  Cornwall,  the  Channel  Islands,  and  Normandy. 

Coal  is  now  worked  beneath  the  chalk  in  the  neighbour- 
hood of  Guinea  and  Marquise,  between  Boulogne  and  Calais ; 
and  it  is  quite  possible  that  the  same  great  axis  of  elevation 
which  has  there  brought  up  the  coal  formation  has  caused  a 
vast  upthrow  of  Palaeozoic  rocks  between  Dover  and  the  West 
of  England  before  the  deposit  of  the  chalk. 

At  the  same  time  it  is  quite  certain  that  the  northern  part 
of  the  London  chalk  basin  contains  the  strata  in  regular 
succession.  At  Reigate  and  Dorking,  on  the  south  side,  and 
at  Dunstable  and  Ampthill,  on  tho  north,  the  gault  is  scon 
regularly  succeeding  the  chalk,  and  the  lower  green  sand  is 
seen  regularly  passing  under  tho  gault.  This  regularity  is 
further  evidenced  by  numerous  borings  and  wells,  which  arc 
sunk  for  water  all  along  the  outcrop  of  the  chalk  from 
Lcighton  Buzzard  to  Cambridge,  and  by  the  coprolite  work- 
ings, which  frequently  pass  through  the  gault  and  pene- 
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trate  the  lower  green  sand,  for  the  purpose  of  procuring 
water. 

The  tube-well  sunk  on  Lord  Brownlow's  property  at 
Eddlesborough,  Bucks,  under  the  direction  of  Mr.  T.  McDou- 
gall  Smith,  shows  the  regular  succession  of  gault  and  green 
sand,  as  follows  : — 

The  boring  was  6  inches  in  diameter,  and  passed  through — ■ 

Feet. 

Lower  chalk  \ 

Chalk  marl  (  63 

Upper  green  sand  1 

Gault  205 

Lower  green  sand    33 

301 

The  bore-hole  is  lined  for  the  entire  depth  with  iron  tubing. 

72  feet  from  surface,  with  4J  inch  tube. 
216    ,,   deep,  with  3     „  „ 

13    „        „    „      2  and  1£  „  „ 

301 

The  water  in  the  old  wells  probably  arises  from  chalk 
springs,  and  is  obtained  at  a  depth  of  4  to  5  feet  from  the 
surface ;  but  the  boring,  which  passes  through  the  gault, 
has  tapped  and  given  access  to  the  water  of  the  lower  green 
sand.  This  water  rose  to  the  height  of  79  feet  from  the 
surface,  and  during  the  next  six  months  it  rose  9  feet  higher. 

The  working  barrel  in  the  tube  is  2f  inches  in  diameter. 
Tbis  well  affords  no  criterion  of  the  quantity  which  might  be 
obtained  from  the  lower  green  sand,  as  the  boring  is  exces- 
sively small,  and  the  quantity  required  is  only  for  the  supply 
of  four  cottages — probably  about  100  gallons  a  day. 

The  well  recently  sunk  at  ArlcseyJor  the  Three  Counties' 
Asylum  is  on  a  much  more  extensive  scale,  and  affords 
results  which  arc  much  more  striking.  The  works  at 
Arlesey  consist  of  two  wells,  each  G  feet  in  diameter  and 
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120  feet  deep,  and  in  one  of  these  a  boring  10  inches  diame- 
ter has  been  made  to  a  further  depth  of  360  feet. 
The  following  were  the  strata  passed  through  : — 

Ft.  in. 

Loam  and  sand  7  0 

Lower  chalk,  chalk  marl  and  upper  green  sand     .    .113  0 

Gault                                                                    204  6 

Lower  green  sand  155  6 

480  0 

The  supply  of  water  is  equal  to  60,000  gallons  a  day, 
being  equal  to  the  requirements  of  a  very  large  asylum 
built  for  three  counties,  and  in  which  the  use  of  water  is 
encouraged  on  a  very  liberal  scale  for  sanitary  and  other 
purposes. 

The  water  from  chalk  springs  in  the  Arlesey  wells  stands 
about  60  feet  below  surface,  and  the  green  sand  water  from 
below  the  gault  rises  to  a  height  of  110  feet  below  surface, 
or  a  little  above  the  level  of  the  gault.  The  well  is  sunk  on 
a  site  about  233  feet  above  mean  sea-level. 

The  artesian  wells  of  Cambridge  have  been  already  alluded 
to.  These  wells  are  commonly  dug  through  the  gault  dowu 
to  the  lower  green  sand,  and  furnish  usually  a  very  copious 
supply  of  water.  The  numerous  coprolite  works  in  the 
gault  district  north  of  Hertford,  such  as  those  of  Stonden, 
Shillington,  and  Arlesey,  have  numerous  wells  and  borings 
sunk  through  the  gault  into  the  lower  green  sand.  The 
gault  in  these  workings  is  usually  about  200  feet  thick,  and 
the  supply  of  water  about  4.0,000  or  50,000  gallons  from 
each  well. 

Tho  numerous  overflowing  artesian  wells  in  Wrest  Park 
and  tho  neighbourhood  of  Silsoc,  south  of  Ampthill,  are 
very  interesting.  Thcso  aro  mostly  bore-holes,  which  pene- 
trate the  gault  down  to  the  lower  green  sand.  In  most  of 
these  tho  water  rises  8  or  10  feet  above  the  surface,  and 
Hows  perpetually  through  a  bent  pipe  into  a  reservoir  formed 
to  receive  it. 
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WOLVERHAMPTON. 

Mr.  Thomas  Clarke,  who  was  called  to  report  on  the 
water  supply  of  Birmingham,  made  in  the  autumn  of  1852 
an  experimental  horing  137  feet  deep,  from  which  he 
obtained  115,200  gallons  per  day  of  twenty-four  hours. 
From  this  result,  and  from  surveys  which  he  says  he  has 
made,  he  reports  that  a  supply  of  700  gallons  per  minute, 
or  upwards  of  a  million  gallons  per  day,  may  he  relied  on 
from  wells.  He  recommends  that  four  shafts  should  be 
sunk,  each  8  feet  diameter  in  the  clear ;  and  that  besides 
these  a  pumping- shaft,  10  feet  diameter  in  the  clear,  should 
be  sunk  to  the  depth  of  90  feet,  and  all  the  other  shafts 
connected  with  it  by  means  of  oval-shaped  driftways  or 
adits.  He  recommends  that  all  the  shafts  be  lined  with 
14  inch  brickwork,  and  that  in  the  bottom  of  each  shaft  a 
boring  of  15  inches  diameter  should  be  made  to  the  depth 
of  140  feet  below  the  surface  of  the  ground.  In  each  bor- 
ing is  to  be  fixed  a  cast-iron  pipe  12  feet  in  length,  which 
is  to  be  securely  driven  to  the  depth  of  8  feet  below  the 
bottom  of  each  shaft.  The  tops  of  the  shafts  to  be  covered 
with  wrought-iron  chequered  plates  fixed  to  strong  iron 
girders  at  the  surface  of  the  ground. 

In  connection  with  the  shafts  he  also  recommends  a  cast- 
iron  tank  to  be  erected  of  the  following  dimensions,  namely, 
120  feet  long  by  60  feet  wide,  and  5  feet  deep.  The  tank 
to  be  constructed  of  cast-iron  plates  J  inch  thick,  upon 
strong  cast-iron  girders,  to  be  fixed  on  brickwork.  The  top 
of  the  tank  to  be  covered  with  a  light  glazed  iron  roof. 

The  capacity  of  this  tank  would  be  225,000  gallons.  Tho 
cost  of  the  shafts,  tank,  and  pumping  machinery,  as  esti- 
mated by  Mr.  Clarke,  is  £27,500. 

In  September,  1854,  Mr.  Robert  Rawlinson  and  Mr. 
Pigott  Smith  reported  on  the  water  supply  of  Birmingham, 
and  condemned  in  toto  the  project  of  sinking  wells. 
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They  support  their  arguments  by  reference  to  two  deep 
mines  sunk  in  the  new  red  sandstone  at  a  considerable 
distance  apart — namely,  the  Pendleton  Colliery,  near  Man- 
chester, and  the  Monkwearmouth  Colliery,  near  Sunderland. 
They  observe  :  "  After  a  depth  of  900  feet  vertical  had  been 
attained,  the  strata  were  found  to  be  comparatively  dry,  and 
water  had  to  be  passed  down  into  the  workings  to  water  the 
roads,  they  were  so  intolerably  dusty.  The  water  obtained 
at  the  deepest  points  to  which  it  was  found  to  penetrate  was 
impregnated  with  mineral  as  strongly  as  brine.  Both  these 
shafts  yielded  water  in  the  upper  beds  to  the  depth  of  several 
hundred  feet.  This  had  to  be  tubed  out  by  a  casing  of  cast- 
iron." 

They  adduced  as  failures  of  wells  in  the  new  red  sandstone 
the  city  of  New  York  and  other  places  in  America,  besides 
in  this  country,  Manchester,  Salford,  Liverpool,  and  Wol- 
verhampton. 

The  Tettenhall  well  of  the  Wolverbampton  Waterworks 
Company  is  an  ellipse  of  11  feet  by  7  feet  6  inches,  with  one 
side  flattened.  These  are  the  dimensions  in  the  clear,  inside 
the  brickwork.  The  first  16  feet  consist  of  argillaceous 
marly  beds,  changing  for  the  next  4  feet  into  mottled  sandy 
rock,  and  below  this  into  the  soft  red  sandstone  of  the  dis- 
trict. Tbe  first  8  feet  of  the  shaft  is  steined  with  14  inch 
brickwork,  and  the  next  80  feet  with  9  inch  brickwork. 
The  whole  of  the  steining  is  puddled  behind  in  order  to  keep 
out  land  springs  and  the  water  from  the  neighbouring  wells. 
Where  the  brickwork  commences  on  tbe  top  of  the  solid 
rock,  an  elm  curb  9  inches  wide  and  3  inches  thick,  is  in- 
troduced below  tho  brickwork.  The  curb  rests  on  a  well- 
worked  bed  of  white  clay,  G  inches  thick,  which  is  laid  upon 
tho  rock,  and  tho  puddle  bebind  tbe  steining  is  worked  into 
and  carried  up  in  connection  with  this  white  clay,  which  was 
procured  from  a  coal  pit  near  Bilston,  and  cost  <h.  (jtl.  a  ton. 
Tbe  depth  of  tho  well  is  about  140  feet,  and  the  lower  106 
feet  is  not  steined  at  all,  the  rock  being  sufficiently  firm  to 
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stand  without  lining.  Several  headings  were  driven  at  the 
height  of  6  feet  above  the  bottom.  These  headings  are  of 
irregular  size,  some  being  8  feet  high,  some  as  much  as  14, 
and  some  not  more  than  4  feet.  The  usual  width  is  4  feet, 
and  there  are  in  all  about  1,100  lineal  yards  of  heading. 
The  usual  work  of  a  man  in  driving  the  headings  was  about 
li  cubic  yards  per  day. 

The  water  when  not  acted  on  by  pumping  stands  about 
20  feet  deep  in  the  well. 

The  Company  has  at  Tettenhall  two  smaller  shafts,  each  5 
feet  diameter  in  the  clear,  which  were  used  for  air  shafts  and 
for  pumping  out  the  water  during  the  sinking  of  the  main  shaft. 

The  Company  has  also  two  shafts  at  Goldthorn,on  the  south 
side  of  Wolverhampton.  These  are  each  7  feet  in  diameter, 
300  feet  deep,  and  are  sunk  within  a  few  yards  of  each  other. 

The  first  12  feet  consist  of  argillaceous  beds,  and  this  part 
is  lined  with  brickwork.  The  shafts  then  pass  through  about 
36  feet  of  the  conglomerate  or  indurated  gravel  beds  peculiar 
to  this  part  of  the  Permian  series,  and  this  portion  is  not 
steined.  The  strata  below  the  conglomerate  bed  are  argil- 
laceous and  marly,  and  are  lined  all  the  way  down  to  the 
bottom.  The  beds  dipped  across  the  shaft  in  a  westerly 
direction,  at  the  rate  of  about  2  feet  per  yard.  A  spring 
occurred  in  the  gravel  bed  which  drained  the  neighbouring 
wells.  The  strongest  spring  was  met  with  at  a  depth  of  50 
or  60  yards  from  the  surface.  The  water  fell  off  much 
towards  the  bottom  of  the  sinking. 

There  is  a  bore-hole  130  yards  deep  in  the  bottom  of  tho 
well.  The  bore-hole  is  tubed  with  iron  3£  inches  diameter 
in  the  clear  at  top,  and  2h  inches  diameter  at  bottom.  Tho 
3  V  inch  tube  extends  25  yards  in  depth,  the  remainder  being 
2  inch. 

The  first  heading  was  driven  to  the  west  in  the  same 
direction  as  the  dip,  and,  therefore,  in  consequence  of  the 
rapid  dip,  intersecting  a  great  number  of  beds.  This  head- 
ing was  130  yards  in  length,  and  was  driven  with  an  in- 
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clination  upwards  of  about  1  in  20.  The  principal  portion 
of  the  water  was  obtained  by  means  of  this  heading.  The 
other  heading  was  driven  23  yards  to  the  south,  in  the  line  of 
the  strike,  and  was  entirely  in  one  bed  of  rock.  Neither  this 
nor  the  boring  yielded  any  water.  The  headings  were  0  feet 
square.  It  was  found  necessary  in  places  to  arch  the  long  head- 
ing with  two  half-brick  rings.  About  32  yards  in  length  of  the 
western  heading  were  arched  where  it  crossed  beds  of  marl. 

The  produce  of  the  red  sandstone  wells  at  Wolverhampton 
is  very  inferior  to  that  of  any  of  the  Liverpool  wells.  The 
Wolverhampton  Waterworks  Company  spent  more  than 
£00,000,  and  for  this  large  outlay  have  only  obtained  a 
supply  of  about  379,000  gallons  a  day.  They  had  two 
pumping  establishments  ;  one  at  Tettenhall  and  the  other  at 
Goldthorn  Hill.  The  Tettenhall  works  consist  of  one  main 
shaft  140  feet  deep,  of  an  oval  shape  11  feet  x  7i,  besides 
two  other  working  shafts  5  feet  diameter,  and  about  1,100 
yards  of  heading.  This  establishment  yields  only  168,000 
gallons  a  day.  The  Goldthorn  works  consist  of  two  shafts, 
each  7  feet  diameter  in  the  clear,  and  300  feet  deep,  and  153 
yards  of  heading,  with  a  boring  390  feet  deep  at  the  bottom. 
This  station  yields  211,000  gallons  a  day. 

No  question  can  exist  about  the  extreme  impolicy  of  sink- 
ing this  shaft.  It  is  only  a  quarter  of  a  mile  from  the  groat 
fault  of  the  coal  field,  so  that  the  drainage  area  for  supplying 
the  well  is  extremely  limited.  The  beds  which  consisted 
chiefly  of  brown  coloured  sandstones  and  red  marls,  alter- 
nating all  the  way  down,  are  tilted  to  an  angle  of  more  than 
30°.  A  bed  of  conglomerate  or  indurated  gravel  was  passed 
through  at  50  or  60  yards  from  tbo  surface.  This  bed 
yielded  a  small  quantity  of  wafer  at  the  expense  of  all  the 
neighbouring  wells,  which  were  dried  up.  It  appears  that 
the  marl  beds  were  of  much  greater  thickness  than  the  sand- 
stone beds,  and  it  seems  probable  that  the  bods  intersected 
by  tho  shaft  were  not  permeable  water-bearing  beds  at  all, 
even  bad  they  cropped  out  at  the  surface,  which  is  doubtful. 
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Again,  the  true  water-bearing  beds,  which  may  possibly  have 
been  reached  by  the  boring,  certainly  did  not  crop  out  at  the 
surface,  but  were  cut  off  by  the  fault  which  also  cut  off  all 
communication  and  drainage  from  the  coal  field.  The  miser- 
able failure  of  this  well  is  therefore  not  to  be  wondered  at. 

Well  and  boring  at  Rugby  in  Lias  and  New  Red  Sandstone. 

The  well  is  7  feet  in  diameter,  and  in  depth  ^fl*' 

In  the  bottom  of  the  well  is  a  boring  14  inches  diameter, 

lined  with  cast-iron  tubing-  

Then  a  boring  with  wrought- iron  tubing  12  inches 

diameter   g-p 

Then  a  boring  with   wrought-iron  tubing  10  inches 

diameter   ^ZQ1- 

Then  a  boring  with  wrought-iron  tubing   9  inches 

diameter  

Then  a  boring  with  wrought-iron  tubing  7i  inches 

diameter  :    .    .    .    .  33 

Then  a  boring  with  wrought-iron  tubing  6|  inches 

diameter  "  246 

Then  a  boring  with  wrought-iron  tubing  6  inches 

diameter   gg 

Additional  boring   23 

1141 

The  following  statement  of  the  strata  passed  through 
is  condensed  from  a  valuable  section  presented  by  Mr. 
McDougall  Smith  to  the  Metropolitan  Board  of  Works  :— 

Depth  from  Thick- 
surface,  ness. 

-Dili           t                                   1?cct-  Feet- 

lieu  sand  and  gravel                                   10  10 

Blue  lias  clay  and  limestone   ....  400  390  j  ^ 

Dark  and  brown  clays   470  70  }  5" 

Light  hard  stone   478  8  )  ™ 

Bed  clay  •   780  302' 

,,   sandstone   786  6 

»  cl;iy  •    .    .   1045  259 

„  clay  sands  114!  % 


p  fc?J 

S  » 

CO  < 

d  S 


Total  1141  feet. 
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This  well  was  entirely  unsuccessful  in  yielding  a  supply 
of  water. 

The  boring  appears  to  have  reached  the  brine  springs  of 
the  new  red  sandstone,  and  the  water  was  saturated  with 
common  salt,  and  quite  unfit  for  domestic  use. 

It  appears,  therefore,  that  about  470  feet  of  the  sinking 
were  in  the  lias  formation,  in  which,  of  course,  it  was 
hopeless  to  expect  water,  and  that  the  remaining  650  feet 
were  in  the  argillaceous  or  gypseous  member  of  the  new  red 
sandstone,  in  which  the  prospect  of  water  was  equally 
hopeless. 

It  is  true  that  a  very  small  proportion  of  the  sinking 
in  the  new  red  sandstone  is  described  as  sandstone  and 
sandy  clay  ;  but  on  the  whole  the  character  of  the  beds  is 
clearly  argillaceous,  and  ought  to  have  indicated  to  a  well- 
informed  geologist  the  extreme  improbability  of  meeting 
with  water.  No  doubt  the  engineers  were  buoyed  up  with 
the  hope  of  reaching  the  lower  arenaceous  beds  of  the  new 
red  sandstone  ;  but  the  remarkable  failure  at  Rugby  ought 
to  prove  a  warning  against  sinking  in  the  new  red  sandstoue, 
unless  there  are  circumstances  favouring  the  probability  of 
finding  water,  and  especially  unless  the  geological  horizon 
be  well  ascertained. 

Wells  in  Red  Sandstone  rock  at  Birkenhead. 

It  appears  that  Birkenhead  is  supplied  from  two  wells, 
one  of  which  is  described  by  Mr.  Baldwin  Latham,  from 
whose  book  the  following  particulars  arc  taken. 

Tho  red  sandstono  rock  has  been  penetrated  to  a  depth 
of  895  feet,  of  which  the  first  95  feet  consist  of  an  open 
well,  9  feet  in  diameter,  executed  without  lining  or  steining 
of  any  kind.  In  the  bottom  of  tho  well  is  a  boring  2G 
inches  diameter  and  J  I  feet  deep. 
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Feet. 

Then  follows  a  boring  of  18  inches  diameter,  and  lf>  feet 

deep,  making  a  total  of  155 

Then  a  12  inch  boring  for  130 

Then  7  inch  ditto  hq 

Total  depth  of  395 

When  the  pumps  are  not  working  the  water  stands  perma- 
nently at  a  level  of  93  feet  from  the  surface. 

The  well  yields  about  two  million  gallons  in  twenty-four 
hours,  the  level  of  the  water  then  being  about  134  feet 
below  surface. 


ON  THE  YIELD  OF  WATER  BY  THE   CORNISH  MINES. 

Amongst  the  valuable  information  for  which  we  arc  in- 
debted to  the  reports  of  the  Cornish  engines,  must  bo 
mentioned  the  records  which  give  the  average  quantity  of 
water  pumped  in  every  month  from  each  of  the  mines.  This 
is  evidently  information  of  great  importance  and  interest, 
as  bearing  on  the  subject  of  supplies  from  wells  and  shafts, 
and  should  receive  the  greatest  attention  from  engineers 
who  are  considering  the  question  of  new  supplies  from  these 
sources. 

From  a  careful  examination  of  the  maximum  and  minimum 
quantities,  and  the  months  in  which  these  occur,  it  appears 
that  on  the  average  of  five  years  the  months  stand  in  the 
following  order  (March  being  the  one  in  which  the  greatest 
quantity  is  pumped,  and  August  the  least)  :— March,  Feb- 
ruary, April,  January,  December,  May,  November,  June, 
September,  July,  October,  August. 

It  further  appears  that  some  of  the  mines  yield  double  as 
much  water  in  certain  months  as  they  do  in  others,  but  that 
the  maximum  quantity  is  more  commonly  about  fifty  per 
cent,  in  excess  of  the  minimum.  The  variation  from  year 
to  year,  however,  is  much  more  considerable,  and  there  are 
many  instances  where  the  highest  yield  is  four  times  as 
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much  as  the  minimum  yield  in  some  other  year.  There  are 
two  remarkable  cases,  namely,  the  Marazion  Mine  and 
Cardrew  Down,  where  the  maximum  is  seven  or  eight  times 
as  great  as  the  minimum. 

With  reference  to  quantity  it  must  be  admitted  the  yield 
is  generally  small  considering  the  great  depth  of  the  mines. 
There  are  few  whose  maximum  quantity  exceeds  2,000 
gallons  a  minute,  or  2,880,000  gallons  in  twenty-four  hours, 
and  even  in  these  the  lowest  yield  is  occasionally  much  less. 

The  remarkable  falling  off  in  some  mines  is  also  deserving 
of  notice.  Thus  the  Marazion  Mine  yielded,  in  the  month 
of  March,  1833,  no  less  than  2,180  gallons  per  minute, 
whereas  in  February,  1835,  it  yielded  only  263  gallons  a 
minute,  or  less  than  ith  of  the  former  quantity. 

It  is  much  to  be  regretted  that  the  system  of  reporting 
the  Cornish  engines,  as  to  duty  performed,  water  pumped, 
&c,  has  not  been  persevered  in  during  late  years.  When 
the  Cornish  engines  were  brought  some  years  ago  to  a  high 
state  of  perfection,  so  as  to  work  with  an  extremely  small 
allowance  of  coal  for  each  horse  power,  the  wholesome 
rivalry  existing  between  the  principal  makers  caused  the 
reports  issued  by  Browne  and  by  Lean  to  be  of  great  value, 
and  the  makers  and  owners  of  the  best  engines  took  great 
pride  in  their  performance.  All  this  is  altered  at  the 
present  day ;  and  as  it  is  a  fact  that  the  best  engines  are 
not  reported  at  all,  any  conclusions  drawn  from  the  present 
reports  would  only  tend  to  mislead. 
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ON  THE  PUMPS  USED  IN  WATER  WORKS. 

The  pumps  commonly  used  for  raising  water  from  wells 
may  be  divided  into  two  classes,  lifting  pumps  and  forcing 
pumps. 

The  lifting  pumps  may  be  again  subdivided  into  two 
varieties ;  namely,  those  with  a  hollow  piston,  and  those 
with  a  solid  or  plunger  piston. 

1.  Lifting  pumps  with  a  hollow  piston,  called  also  atmo- 
spheric pumps. 

This  variety,  in  its  simplest  form,  consists  of  the  following 
parts  : — a  cylinder  or  tube,  in  which  is  fixed  a  valve  opening 
upwards,  and  above  which  works  a  piston  provided  with  a 
valve,  also  opening  upwards.  The  part  of  the  cylinder  in 
which  the  piston  works  is  called  the  body  of  the  pump,  and 
is  the  only  part  which  need  be  bored  with  any  great  accu- 
racy. The  top  of  the  cylinder  may  be  opened  or  closed,  it 
matters  not  which,  but  somewhere  above  the  level  to  which 
the  piston  ascends  there  must  be  an  orifice  for  discharging 
the  water. 

The  action  of  the  common  atmospheric  pump  is  so  simple, 
and  is  so  well  known  to  every  school  boy,  that  it  will  be 
unnecessary  here  to  dwell  upon  it.  The  cylinder  is  made  of 
various  materials,  as  wood,  iron,  or  copper;  and  frequently 
the  lower  part  below  the  fixed  valve  is  a  mere  leather  hose, 
furnished  with  a  strainer  at  its  lower  extremity.  The  fixed 
valve  in  this  kind  of  pump  must  bo  placed  at  such  a  level 
that  the  depth  from  it  to  the  surface  of  the  water  in  the  well 
must  never  exceed  the  height  of  a  column  of  water,  which 
will  balance  tho  atmospheric  pressure  or  weight  of  tbo 
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atmosphere,  This  weight  is  measured  in  the  barometer  by 
a  column  of  mercury,  which  varies  in  different  parts  of  the 
world,  and  at  different  altitudes,  from  28  to  31  inches.  Thus, 
an  atmospheric  pump  at  the  level  of  the  sea  may  have  its 
lixed  valve  several  feet  higher  than  a  similar  pump  working 
on  the  top  of  a  high  mountain.  The  height  at  which  the 
mercury  stands  in  a  barometer  at  any  given  place  affords,  in 
fact,  a  tolerably  practical  measure  of  the  height  to  which 
water  will  rise  in  a  vacuum  when  pressed  by  the  external 
atmosphere.  Thus,  in  theory,  where  the  mercury  stands  in 
the  tube  of  a  barometer  at  a  height  of  30  inches,  the  sucker 
or  fixed  valve  of  an  atmospheric  pump  may  be  placed  30  feet 
above  the  surface  of  water  in  a  well.  In  practice,  however, 
owing  to  imperfection  of  materials,  fluctuations  of  level  in  the 
water,  and  other  causes,  this  difference  of  level  is  too  great, 
and  should  not  really  exceed  27  or  28  feet.  In  shallow  wells, 
therefore,  which  are  not  more  than  about  27  feet  in  depth, 
the  part  of  tho  cylinder  or  pump  above  the  fixed  valve  need 
never  exceed  the  length  of  the  stroke  or  space  through  which 
the  piston  works.  In  deep  wells  the  ascending  part  of  the 
cylinder  above  the  body  of  the  pump  in  which  the  piston 
works  may  be,  theoretically,  of  any  height.  There  are  diffi- 
culties, however,  connected  with  the  valves  in  the  moveable 
piston,  which  render  it  inconvenient  to  have  the  lift  in  this 
kind  of  pump  much  more  than  100  feet.  Whatever  be  tho 
height  of  the  column  of  water  above  the  moveable  piston,  it 
is  evident  that  the  absolute  weight  of  this  whole  column  h:ts 
to  be  lifted  at  each  stroke  of  the  piston ;  and  for  this  reason 
atmospheric  pumps,  which  are  worked  by  hand,  have  scarcely 
any  of  tho  pump  above  tho  piston,  as  otherwise  the  weight 
of  water  to  be  lifted  at  each  stroke  would  be  too  great  for 
the  power  to  be  applied.  This,  practically,  limits  the  height 
to  which  water  can  be  raised  from  wells,  by  common  atmo- 
spheric pumps  worked  by  band,  to  about  28  feet. 

In  deep  wells,  however,  when  pumps  arc  worked  by  horso 
or  steam  power,  this  objection  docs  not  apply,  aud  if  tho 


FOR  RAISING  WATER.  233 

power  be  sufficient  to  raise  at  each  stroke  the  whole  column 
of  water  above  the  piston,  the  length  of  the  cylinder  above 
this  piston  is  only  limited  by  the  practical  considerations 
before  alluded  to  in  connection  with  the  valves. 

It  should  be  observed  that  the  common  atmospheric  pump 
is  seldom  or  never  used  in  water  works  for  the  purpose  oi 
raising  water. 

2nd.  Lifting  pumps  with  a  solid  or  plunger  piston. 

In  this  variety  of  pump  there  is  the  barrel  or  body  of  tho 
pump,  in  which  the  piston  works,  and  two  fixed  valves. 
Beneath  the  lower  of  these  is  the  descending  pipe,  which 
goes  down  into  the  water  of  the  well,  and  which  is  frequently, 
but  very  improperly,  called  the  suction  pipe.  Above  tbe 
upper  fixed  valve  is  the  ascending  pipe  going  up  to  the  top 
of  the  well.  The  ascending  and  descending  pipes  are  some- 
times in  the  same  vertical  line,  and  sometimes  not.  Tho 
pump  barrel  is  always  a  little  on  one  side,  and  has  a  com- 
munication with  the  descending  pipe  near  the  top  of  tbo 
pump  barrel,  and  immediately  above  the  lower  fixed  valve. 
It  has  also  a  communication  with  the  ascending  pipe  below 
the  upper  fixed  valve.  The  disposition  and  general  arrange- 
ment of  these  various  parts  will  be  much  better  understood 
from  fig.  18  than  from  any  written  description.  This  wood- 
cut represents  a  lifting  pump  with  a  solid  piston,  as  used  at 
the  mine  of  Huelgoat.  It  was  erected  by  M.  Juncker,  an 
able  French  engineer,  and  the  engraving  is  reduced  from  a 
drawing  in  M.  Combes'  work  on  mines.* 

This  pump  raises  the  water  to  the  height  of  508  feet,  and 
is  intended  to  raise  it  to  a  further  height  of  24G  feet,  or  in 
all  754,  when  the  mine  shall  have  reached  this  depth.  In 
fig.  18,  A  is  the  body  of  the  pump  in  which  works  the  solid 
piston  B.  The  body  of  the  pump  is  bored  and  turned  true 
in  the  most  perfect  manner,  and  is  quite  open  at  the  bottom. 
C  is  the  piston  rod,  which  works  through  a  stuffing  box  in 

*  "Traitc  do  Sexploitation  des  Mines,"  par  M.  Ch.  Combes.  Liege, 
Dominique  Avango  ct  Cie.,  184G. 
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E  is  the  valve  chest,  in  which  are  fixed  the  two  valves  F 
and  G.    H  is  the  ascending  tube,  going  up  to  the  top  of  the 
shaft,  and  lis  the  descending  pipe,  going  down  to  the  water 
at  the  bottom.    The  action  of  this  pump  will  be  readily 
understood.    Suppose  the  piston  at  the  bottom  of  its  stroke 
in  the  position  represented  in  fig.  18,  the  body  A  filled  with 
water,  and  all  the  other  pipes  also  filled  with  water,  as  they 
are  in  the  ordinary  working  of  the  pump.    This  being  the 
state  of  things,  the  piston  rises  and  lifts  the  volume  of  water 
resting  on  it,  forcing  it  through  the  passage  D  into  the  valve 
chest  E,  and  thence  through  the  valve  F  into  the  ascending 
pipe  II.    During  the  rise  of  the  piston,  the  water  can  only 
pass  in  this  way,  and  can  by  no  means  get  through  the  valve 
G  because  this  only  opens  upwards,  so  that  the  pressure  of 
the  water  instead  of  opening  it  only  closes  it  tighter.  When 
the  piston  is  raised  to  the  top  of  its  stroke  it  begins  to 
descend,  leaving  a  vacuum  behind  it,  into  which  the  water 
left  in  the  valve  chest  immediately  passes  in  addition  to 
some  from  the  pipe  I,  which  is  pressed  on  by  the  external 
atmosphere,  and  in  obedience  to  a  natural  law  rises  through 
the  valve  G  and  fills  up  the  body  of  the  pump.    The  piston 
is  now  at  the  bottom  of  its  stroke,  all  the  pipes  being  full  of 
water  as  before,  when  the  same  process  is  again  and  again 
repeated. 

The  upper  part  of  the  valve  chest  fits  into  an  enlargement 
of  the  ascending  pipe  H,  and  is  fitted  with  a  leather  collar, 
screwed  down,  and  kept  in  its  place  by  a  copper  ring.  The 
leather  collar  presses  against  the  interior  of  the  enlarged 
part  of  H,  and  admits  of  the  upper  part  of  the  valve  chest 
being  raised  in  order  to  examine  the  valves.  When  this  is 
to  be  done  the  flange  a  a  is  to  bo  unscrewed. 

The  small  side  pipe  b  c  d,  which  is  provided  with  stop 
cocks,  establishes  a  communication  between  the  ascending 
and  descending  pipes,  and  between  these  and  the  valve  chest. 
This  arrangement  is  necessary  for  the  purpose  of  filling  the 
descending  pipe  with  water,  when  tho  working  of  the  pump 
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has  been  discontinued  for  any  length  of  time,  and  to  avoid 
the  shocks  and  damage  which  are  often  experienced  when 
the  pump  is  first  set  to  work  in  consequence  of  the  confined 
air  compressed  in  the  valve  chest  between  the  two  valves. 

When  the  pump  is  to  be  put  in  action,  the  stop  cocks  in 
bed  are  opened,  and  a  communication  made  between  the 
pipe  above  the  valve  F  and  the  descending  pipe  I.  The 
latter,  as  well  as  the  body  of  the  pump  A  is  then  filled  with 
the  water  which  descends  from  the  pipe  H.  The  ah-  con- 
tained in  the  descending  pipe  I  passes  up  through  the  valve 
G,  and  escapes  by  a  small  orifice  e,  which  is  closed  by  a 
screw  as  soon  as  the  water  issuing  from  the  orifice  gives 
notice  that  the  pump  body  and  the  descending  pipe  are 
entirely  filled. 

/  is  a  small  side  valve  fitted  to  the  descending  pipe,  and 
loaded  with  a  weight  equal  to  about  the  pressure  of  the 
atmosphere,  or  about  14  lbs.  per  square  inch.  This  valve 
is  placed  just  above  the  surface  of  water  in  the  well,  and 
indicates  whether  the  valve  G  is  in  proper  order  ;  for  if  the 
valve  G  does  not  shut  properly  the  pressure  of  the  water 
which  is  raised  during  the  up-stroke  of  the  piston  is  trans- 
mitted to  the  column  of  water  contained  in  the  descending 
pipe,  and  this  pressure  immediately  causes  the  valve/  to  open. 

By  means  of  the  same  valve/  also,  it  can  be  ascertained 
if  the  upper  valve  F  closes  properly.  For  this  purpose  the 
pump  must  be  stopped  and  the  valve  chest  put  in  communi- 
cation with  tho  descending  pipe  by  opening  the  stop  cocks 
in  the  small  pipe  c  d.  Then,  if  the  valve  F  closes  imper- 
fectly, tho  water  from  77  will  come  through  it  and  fill  tbc 
descending  pipe  I,  raising  the  valve  /.  This  effect  will  of 
course  not  take  place  unless  tbc  foot  valve,  g  is  in  order,  a 
fact  which  can  be  readily  ascertained.  These  checks  upon 
the  perfect  working  of  tho  pump  are  excellent,  and  have 
been  productive  of  great  economy. 

Tho  valves  in  this  pump  are  entirely  metallic,  and  with- 
out any  leather  or  hemp  packing.   They  are  conical  in  form, 
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being  carefully  turned  and  fitted  to  a  corresponding  conical 
opening  in  the  valve  seat. 

The  valves  and  seats  are  composed  of  the  following  alloy  : 

85  to  88  parts  of  copper. 
4  to   6  parts  of  tin. 
4  to   6  parts  of  lead  and  zinc. 

These  valves  hold  water  very  perfectly,  and  close  Avith 
much  more  readiness  and  accuracy  than  any  form  of  leather 
valve.  M.  Juncker  states  that  the  loss  of  water  in  this  pump 
is  only  one-thirtieth  of  that  due  to  the  diameter  and  stroke 
of  the  piston.  This  form  of  valve,  however,  is  now  super- 
seded, in  most  of  the  large  pumping  establishments  in 
England,  by  Harvey  and  West's  double  beat  valve,  which 
will  be  described  in  a  future  page. 

Fig.  19  represents  a  front  elevation  of  the  pumps  in  the 
Tettenhall  well  of  the  Wolverhampton  Water  Works,  and 
fig.  20  represents  a  side  elevation  of  the  same.  This  may 
be  taken  as  a  good  example  of  the  most  approved  practice, 
being  a  recent  work  executed  by  Mr.  Wicksteed  and  Mr. 
Homersham  within  the  last  few  years. 

A  A  are  the  air  pipes  which  descend  into  the  water,  and 
which  are  perforated  at  the  bottom  with  small  openings  to 
exclude  gravel,  sand,  and  other  impurities.  B  B  are  the 
pump  barrels,  each  containing  a  solid  plunger  piston,  which 
here  acts  as  a  forcing  power,  and  does  not  lift  the  water  as 
in  the  Huelgoat  pump  (see  fig.  18,  page  234). 

As  soon  as  the  plunger  pole  begins  to  ascend,  the  water, 
acted  on  by  atmospheric  pressure,  enters  the  empty  pump 
barrel  through  the  opening  at  D.  On  tho  descent  of  the 
plunger  pole  a  quantity  of  water,  equal  to  tho  volume  or 
mass  of  the  plunger  polo,  is  displaced  at  each  stroke  and 
forced  up  the  rising  pipes  0  C.  The  body  of  the  pump  B  is 
considerably  greater  in  diameter  than  the  plunger  pole,  so 
that  tho  water  readily  enters  as  soon  as  the  down-stroke  of 
the  steam  piston  commences.    Tho  plungers  are  13  inches 
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diameter,  with  a  10  feet  stroke.    C  C  are  the  rising  pipes  of 
Fig.  19.  Fig.  20. 
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18  inches  inside  diameter.    P  7)  arc  the  valve  chests  con- 


FOR  RAISING  WATER. 


239 


taining  the  valves  at  the  top  of  the  air  pipe,  which  open  and 
close  the  communication  between  the  latter  and  the  body  of 
the  pump.  E  E  are  the  valve  chests  containing  the  valves 
at  the  base  of  the  rising  pipes,  which  open  and  close  the 
communication  between  these  and  the  body  of  the  pump. 
The  two  valves  here  are  not  inclosed  in  the  same  valve 
chest,  but  in  separate  ones.  There  is  also  some  difference 
between  this  and  the  Huelgoat  pump  in  the  arrangement  of 
the  several  parts,  as  will  be  seen  more  particularly  from  an 
inspection  of  the  two  elevations,  figs.  19  and  20,  and  from 
the  plan  of  the  well,  fig.  21.  In  the  Huelgoat  pump  the 
ascending  pipe  is  directly  over,  and  has  the  same  axis  as  the 


Fig.  21. 


I  *  

Scale  1  inch  =  4  feet. 


air  pipe,  the  body  of  tho  pump  being  on  one  side.  In  the 
Tettenhall  pumps,  on  the  other  hand,  the  three  parts  aro 
arranged  in  plan  almost  as  an  equilateral  triangle,  one  apex 
being  occupied  by  the  air  pipe,  another  by  the  body  of  tho 
pump,  and  the  third  by  tho  rising  pipe.  This  will  be  more 
clearly  seen  from  fig.  21,  in  which  the  three  principal  parts 
axe  represented  by  the  same  letters  as  in  the  elevations. 
Each  of  the  pumps  is  worked  by  what  is  called  a  forty  horse- 
power non-condensing  engine,  by  Kayo  of  Bury. 
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The  shape  of  the  well  is  an  irregular  oval,  1 1  feet  in  its 
longest  diameter,  and  1\  feet  across.     A  A  are  the  two 
lower  pipes,  18  inches  diameter,  which  dip  into  the  water. 
B  B  are  the  pump  barrels,  with  a  13  inch  plunger  and 
a  10  feet  stroke.    C  C  are  the  rising  pipes,  13  inches  dia- 
meter inside.     Each  of  the  two  pumps  delivers  56  gallons 
a   stroke,   and   makes   four   or  five  strokes  per  minute. 
The  engine  is  capable  of  working  the  pumps  at  the  rate  of 
twelve  strokes  per  minute,  and  as  each  pump  raises  fifty-six 
gallons  per  stroke,  each  would  raise  in  twenty-four  hours, 
56  x  12  X  24  X  60  —  967,680,  or  nearly  a  million  gallons. 
This  is  no  doubt  what  the  pumps  were  intended  to  do,  hut 
unfortunately  the  well  does  not  yield  the  required  quantity 
of  water ;  the  engine  can  only  make  about  3000  strokes  a  day, 
and  works  only  one  pump,  so  that  the  quantity  raised  is  only 
3000  x  56  =  168,000  gallons  a  day.  The  engines  employed, 
as  we  have  said,  are  a  pair  of  forty  horse-power  each,  by 
Kaye  of  Bury.    The  cylinders  are  36  inches  diameter,  and 
the  present  consumption  of  coal  is  l£  tons  a  day  of  inferior 
Staffordshire  coal  for  raising  168,000  gallons  to  the  top  of 
a  standpipe,  the  extreme  lift  being  320  feet.     This  only 
requires  the  exercise  of  about  eleven  horse-power  during  the 
whole  twenty-four  hours,  so  that  the  consumption  of  coal 
3360  lbs. 

is  equal  to    %4  x  11 "  =  more       11  Per  horse-power 

per  hour. 

The  duty  of  the  engine,  computed  in  the  Cornish  mode, 

for  1  cwt.  of  coal  will  be 

168,000  x  320  x  10 

 --st; — 7  —  17,920,000  lbs.   raised  one 

30  cwt. 

foot  high  by  1  cwt.  of  coal. 

The  pump  rods  consist  of  whole  balks  of  timber,  each 

about  18  feet  long  and  12  inches  square,  united  to  each  other 

with  flush  scarf  joints  plated  with  iron.    The  single  pieces  of 

balk  forming  each  pump  rod  do  not  meet  in  the  centre,  but 

are  connected  by  nut  side  balks  of  similar  scantling  and  about 
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23  feet  long.  These  outside  connecting  balks  overlap  the 
single  balk  forming  the  pump  rod  rather  more  than  4  feet 
at  each  end,  so  that  a  space  of  14  feet  is  left  between  the 
abutting  ends  of  the  pump  rod  in  the  centre.  In  this 
centra]  space  is  fixed  the  contrivance  for  adjusting  the  length 
of  the  pump  rod,  rendered  necessary  by  variations  of  tem- 
perature, &e. 

The  Wolverhampton  Company's  engine,  at  Goldthorn, 
pumps  from  a  well  300  feet  deep  into  a  reservoir  close  by. 
This  is  a  Cornish  engine  of  seventy  horse-power,  with  an  8  feet 
stroke  and  45  inch  cylinder,  working  a  15  inch  pump  and  lift- 
ing forty-eight  gallons  at  each  stroke.  Number  of  strokes 
4,400  in  twenty-four  hours ;  consumption  of  coal  twenty- 
three  cwt. ;  quantity  of  water  raised  in  twenty-four  hours 
4,400  X  48  =  211,200  gallons  ;  lift  300  feet.  The  duty  of 
this  engine  is  somewhat  better  than  that  of  the  Tettenhall 
namely, 

211,200x300x  10  _  

 ^3  =  27,o47,S26 

lbs.  raised  one  foot  high  by  the  consumption  of  one  cwt.  of 
coal. 


FORCE  PUMPS. 


Another  kind  of  pump  frequently  used  in  Waterworks  for 
raising  water,  is  of  the  description  called  force  pumps,  with  a 
solid  plunger  piston,  which  works  through  an  air-tight  stuffing 
box  in  the  cover  of  the  pump  barrel.  Pumps  of  this  kind,  when 
used  for  raising  water  from  wells,  consist  of  the  same  principal 
parts  as  the  lifting  pump,  namely:— 1st.  The  air-pipe  below 
the  barrel  or  body  of  the  pump.    2ndly.  The  barrel  in  which 
works  the  solid  plunger  or  piston  ;  and  third,  the  rising  oi 
ascending  main  pipe  above  the  pump  body.    The  air-pipe 
dips  several  feet  into  the  water  to  be  pumped,  and  is  usually 
perforated  at  the  bottom  with  small  holes,  which,  while  they 
freely  admit  the  water,  serve  to  exclude  sand,  mud,  gravel, 
and  other  impurities  which  might  otherwise  find  their  way  in.' 
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This  air-pipe  is  provided  at  the  top  with  a  valve  opening  up- 
wards and  fixed  somewhere  between  the  level  of  water  in  the  well 
and  the  body  of  the  pump.  The  body  of  the  pump  is  gene- 
rally a  few  inches  longer  than  the  stroke  as  it  is  called,  and 
longer  than  the  cylinder  of  iron  which  constitutes  the  solid 
piston.  The  body  of  the  pump  is  either  placed  immediately 
over  the  air-pipe,  in  which  case  the  upper  ascending  pipe  is  a 
little  on  one  side,  or  the  pump  body  is  placed  on  one  side,  in 
which  case  the  upper  ascending  pipe  may  be  in  the  same 
vertical  line  as  the  air-pipe.  The  pump  barrel  does  not  re- 
quire to  be  turned  or  bored,  as  the  plunger  does  not  fill  up 
the  whole  space  ;  and,  in  fact,  it  is  usual  for  the  pump  barrel 
to  be  an  inch  or  so  more  in  diameter  than  the  plunger.  The 
office  of  the  plunger,  which  is  raised  by  the  depression  of  the 
piston  in  the  steam  cylinder,  is  merely  to  force  up  the  water 
which  has  risen  through  the  valve  in  the  air-pipe.  The  upper 
ascending  main  or  pipe  is  merely  composed  of  certain  lengths 
of  cast-iron,  united  by  flange  joints,  and  at  its  lower  extremity 
is  provided  with  a  valve  also  opening  upwards,  to  prevent  the 
water  which  has  been  forced  into  the  pipe  from  returning  to 
the  bottom  of  the  well. 

Fig.  22  is  a  section  of  a  force  pump  with  solid  plunger 
piston,  such  as  is  commonly  used  for  raising  water  from  wells. 
Here  A  is  the  air-pipe,  B  is  the  solid  plunger  piston  shown 
near  the  bottom  of  its  stroke,  C  is  the  ascending  pipe  going 
to  the  tip  of  the  well,  D  is  the  lower  valve  chest,  and  E  the 
upper  valve  chest.  The  valves  are  Harvey  and  West's  patent 
double  beat;  that  inE  should  have  been  shown  open  in  conse- 
quence of  the  descent  of  the  piston  having  forced  up  the  water 
and  raised  it  into  that  position.  For  the  same  reason  the 
valve  in  D  is  shown  closed,  and  now  sustains  the  whole  pres- 
sure of  the  column  in  C. 

Let  us  now  examine  the  action  of  the  pump.  The  plunger 
is  raised  by  the  pressure  of  the  steam  on  the  piston  in  the 
steam  cylinder,  and  as  the  cover  of  the  pump  barrel  through 
which  it  works  is  perfectly  air  tight,  no  air  can  pass  in  from 
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Fig.  22. 


gain  to  the  volume  of  the  plunger 


the  outside  to   supply  its 
place.    A  partial  vacuum  is 
therefore  formed,  which  is 
supplied  by  the  air  beneath 
the  lower  valve  and  between 
this  and  the  water.  After 
each  stroke  this  air  becomes 
more  and  more  rare,  and  the 
vacuum  more  and  more  per- 
fect ;  till  at  length  the  water 
in  the  well,  pressed  by  the 
atmosphere  outside,  follows 
the  ascent  of  the  piston,  and 
rises  through  the  foot  valve 
into  the  pump  barrel.  "When 
this   is   full  of  water  the 
plunger  descends  and  presses 
on  the  water,  which  can  nei- 
ther go  back  through  the 
lower    valve,    nor  escape 
through  the  cover  of  the 
pump  barrel.     In  fact,  it 
has  only  one  mode  of  escape, 
namely,  through  the  valve 
of  the  ascending  pipe  ;  and 
through  this  it  accordingly 
goes,  each  successive  stroke 
of  the  plunger  sending  into 
the  ascending  pipe  a  quan- 
tity of  water  equal  to  the 
volume  of  the  plunger  itself. 
This  goes  on  till  the  ascend- 
ing pipe  is  full,  and  then,  of 
course,  at   each   stroke  it 
delivers   a    quantity  equal 
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From  what  has  been  explained  about  the  rise  of  water 
through  the  lower  valve  in  D,  it  will  at  once  be  seen  that 
the  pump  would  not  act  if  the  length  of  the  air  pipe  ex- 
ceeds the  height  of  a  column  of  water,  equal  to  the  weight 
of  the  atmosphere  pressing  on  the  same  base.  In  other 
words,  the  valve  at  the  top  of  the  air-pipe  must  not  be 
higher  than  the  corresponding  valve  in  the  atmospheric  pump. 
The  foot  valve,  or  lowest  fixed  valve,  in  water  works  and 
mining  pumps,  is  usually  placed  in  practice  much  nearer  to 
the  water  level  than  in  ordinary  hand  pumps,  often  only 
a  few  feet  above  the  water  level. 

The  engines  employed  to  work  the  pumps  for  raising 
water  out  of  wells  are  essentially  the  same  as  those  employed 
in  water  works  for  raising  water  from  rivers  or  storage  re- 
servoirs into  high  service  reservoirs,  and  over  stand  pipes 
for  forcing  it  through  a  train  of  pipes. 

A  description  of  the  steam  engines  will  be  given  under  the 
general  head  of  pumping  apparatus,  where  also  the  valves 
used  in  the  pumps  of  modern  water  works  will  be  described. 

PUMPING  APPARATUS  USED  IN   RAISING  WATER  FOR 
SUPPLY   OF  TOWNS. 

Some  account  of  the  pumps  used  in  raising  water  from 
wells  will  also  apply  to  this  part  of  the  subject,  as  the 
pumps  used  in  that  kind  of  work  contain  the  addition  of  a 
rising  main  to  the  ordinary  parts  of  a  pump.  In  the  present 
article  we  shall  treat  only  of  the  pumps  used  for  raising  water 
from  the  level  of  the  earth  to  a  still  greater  height.  AA  e  shall 
also  briefly  describe  the  kind  of  engines  usually  employed  for 
pumpino-  in  water  works,  whether  for  raising  water  from  wells 
or  for  pumping  it  from  the  surface  of  the  ground  into  ele- 
vated reservoirs,  for  throwing  it  to  the  top  of  stand  pipes,  or 
forcing  it  through  trains  of  pipes.  _ 

The  same  kind  of  pumping  engine  is  applicable  to  each, 
kind  of  work,  and  therefore  may  be  most  conveniently  des- 
cribed under  the  general  head  of  engines. 

The  two  principal  varieties  of  steam  engines  used  for  pump- 
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ing  purposes,  are  condensing  low  pressure  engines,  condensing 
high  pressure  engines,  and  ordinary  non-condensing  high 
pressure  engines. 

The  first  and  third  varieties  are  not  extensively  used  in 
modern  water  works,  and  are  being  very  generally  superseded 
by  the  condensing  high  pressure  engines,  working  expansively 
on  the  Cornish  principle. 

1st.  Low  2Jressure  condensing  engines. — This  form  is 
usually  made  on  the  pattern  of  Boulton  and  Watts'  single 
acting  engine.  There  is  little  or  no  expansion  of  the  steam 
in  the  cylinder,  although  the  steam  is  usually  cut  off  when 
the  piston  has  made  from  f  to  \  of  the  stroke,  in  order  to 
prevent  the  danger  of  breakage  from  the  piston  striking  the 
bottom  part  of  the  cylinder.  This  kind  of  engine  is  usually 
applied  to  work  a  lifting  pump,  as  at  the  East  London  Water 
Works,  but  is  also  sometimes  used  for  working  a  plunger  pole, 
as  at  the  Birmingham  Water  Works.  When  working  a  lifting 
pump,  the  steam  being  admitted  at  the  top  of  the  cylinder, 
depresses  the  steam  piston  and  raises  the  solid  pump  piston, 
which  is  attached  to  the  other  extremity  of  the  beam.  The 
pump  rod  is  only  loaded  with  a  sufficient  weight  to  overcome 
friction,  to  raise  the  steam  piston,  and  cause  the  pump  piston 
to  descend  to  the  bottom  of  the  pump  barrel.  The  engine 
being  single  acting,  only  raises  water  by  means  of  the  down 
stroke  in  the  steam  cylinder,  corresponding  with  the  up 
stroke  in  the  pump.  The  condensing  low  pressure  engine  at 
the  East  London  Water  Works,  which  is  a  single  acting; 
engine,  by  Boulton  and  Watt,  has  been  described  in  great  de- 
tail by  Mr.  Wicksteed,  who  has  published  valuable  plates  of 
this  engine,  and  of  the  first  Cornish  engine  which  was  erected 
for  the  work  of  pumping  in  the  metropolis.  The  Boulton  and 
Watt  engine  has  a  steam  cylinder  of  GO  inches,  the  piston 
having  a  stroke  of  7"91  feet, and  making  1  \\  strokes  per  minute; 
the  diameter  of  the  pump  is  27\  inches,  and  that  of  the  pump 
rod  4|  inches,  the  stroke  being  7'Dl  feet,  the  same  as  that  of 
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the  piston  in  the  steam  cylinder.    The  water  is  raised  1 07 
feet  high. 

The  power  of  the  engine  is  thus  calculated  by  Mr.  Wiek- 
steed.    He  first  finds  the  load  on  the  piston  in  this  manner. 

Inches.  Area  in  inches. 

Diameter  of  pump  27^  ....  578 
Less  area  of  pump  rod      4|    .       .       .       .  19 

559 

^=3-88  square  feet. 
144 

Weight  in  lbs. 
Area.  Lift.       of  1  cubic  foot.  lbs. 

Then    388    x    107    x    62  5    =    25947"5  = 

the  load  on  the  piston — 

Length  of     Strokes  per 
Load.  stroke.       minutes.  lbs. 

and  25947-5    x    7'91    x    11  5    =  2,300,314 

ifted  one  foot  high  per  minute, 

and   2'360'314  =71-5  horse  power. 
33000 

71  *5 

The  power  for  each  stroke  is   =  G'22  horses  nearly. 

1  115 

The  boilers  of  this  engine  are  of  the  form  called  waggon 
headed,  and  the  pressure  of  the  steam  in  the  boilers  is  about 
17  or  IS  lbs.,  its  pressure  in  the  cylinder  being  about  10}  lbs. 
The  duty  or  useful  effect  of  this  engine,  according  to  a  great 
number  of  experiments  tried  by  Mr.  "Wicksteed,  was  equal  to 
47,718,084  lbs.  lifted  one  foot  high  by  the  consumption  ot 
1  cwt.  of  the  best  Welsh  coal.  This,  as  will  be  seen  hereafter, 
is  less  than  half  the  duty  performed  by  the  Cornish  engine, 
at  the  same  works  and  with  the  same  coals. 

Fig. 23  is  an  elevation  showing  the  arrangement  of  the  air- 
pipe,  and  the  pump  in  the  well  as  worked  by  this  engine.  A 
is  (he  air-pipe,  B  the  body  of  the  pump,  in  which  works  a 
solid  plunger  piston,  C  is  a  blank  pipe  supporting  the  upper 
valve  box.  D  is  the  pump  rod,  and  B  a  counterbalance,  con- 
sisting of  moveable  cast-iron  weights.  F  is  the  air  vessel  into 
which  the  water  is  discharged  by  the  pump.  The  water 
usually  stands  in  the  air  vessel,  within  8  feet  of  the  top,  the 
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Fig.  23. 


Scale  1  inch  =  8  feet, 
compressed  air  in  this  upper  part  serving  to  equalise  the 
pressure  of  the  water  in  the  main  pipe.  G,  H  are  the  valve 
boxes,  and  I  is  the  main  pipe  through  which  the  water 
passes  for  the  supply  of  the  district.  K  K  is  the  pump  well, 
and  a  b  the  usual  surface  of  the  water. 
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The  single  acting  Boulton  and  Watt  engine  has  been  ap- 
plied with  perfect  success  in  pumping  at  the  Birmingham 
Water  Works.    The  absolute  lift  of  water  here  is  252  feet, 
being  considerably  greater  than  at  any  of  the  London  works, 
and  the  pressure  is  further  increased  by  friction  in  the  pipes  to 
about  285.    Two  Boulton  and  Watt  engines  have  lately  been 
erected  at  these  works,  each  with  10  feet  stroke  and  72  inch 
cylinders.    Each  engine  works  a  plunger  pump  23  inches 
diameter  and  with  10  feet  stroke.     The  weight  of  water  to 
be  raised  at  each  stroke  is  ecpial  to  51411  lbs.,  or  rather  more 
than  22  tons ;  but  the  total  weight  upon  the  plunger  required 
to  overcome  the  load  upon  the  air  pump,  the  friction  of  the 
engine,  and  to  maintain  a  velocity  of  10  strokes  per  minute,  is 
nearly  26  \  tons,  which  is  equal  to  142  lbs.  per  square  inch 
upon  the  area  of  the  23  inch  plunger,  and  14|  lbs.  upon  the 
steam  piston.    According  to  Mr.  Wicksteed's  mode  of  calcu- 
lating the  power  of  this  engine,  the  weight  of  the  column  of 
water  would  be  used  to  represent  the  resistance  ;  while,  accord- 
ing to  others,  the  whole  resistance  of  26J  tons  would  be  used. 
Thus,  according  to  Mr.  Wicksteed,  the  power  would  be 
51411  X  IPX  10_lfifi  Wrps. 
33000 

but,  according  to  the  other  mode,  the  power  will  be 

261x2240x  10  x  10  =lg0  horses  nearly. 
33000 

These  engines  pump  into  an  air  vessel  of  7  feet  internal 
diameter,  and  18  feet  high,  or  15  high  above  the  delivery 
branch  into  the  main  ;  and  it  is  replenished  with  air  by  a 
separate  small  pump  of  6  inches  diameter,  and  3  feet  G  inches 
stroke. 

An  excellent  description  of  these  engines  was  lately  read  by 
Mr.  Garland  of  the  Soho  works,  before  the  Institution  of  Me- 
chanical Engineers  at  Birmingham,  and  as  this  description 
contains  many  particulars  which  have  not  been  previously  no- 
ticed witli  respect  to  pumping  engines,  we  have  thought  it 
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convenient  to  present  the  principal  part  of  the  details  as 
given  by  Mr.  Garland  : — 

The  cylinders  have  steam-cases,  and  are  enclosed  in  a  cover- 
ing of  felt,  having  an  outside  casing  of  wood,  to  prevent  the 
radiation  of  heat ;  and  the  top  of  the  cylinder  and  upper 
nozzle  are  covered  in  a  similar  manner. 

The  steam  valve,  equilibrium  valve,  and  exhaustion  valve, 
are  13,  15,  and  18  inches  in  diameter  respectively,  and  of  the 
double-beat  construction,  by  which  is  removed  the  principal 
part  of  the  pressure,  that  the  common  conical  valve  is  sub- 
ject to.  The  steam  governor  valve  is  made  of  the  single- 
conical  form  (there  being  no  necessity  for  making  this  valve 
upon  the  double-beat  principle),  and  it  is  regulated  by  a 
screw  and  wheel  handle. 

The  load  on  these  engines  is  a  variable  one  to  the  extent 
of  the  difference  of  the  dead  level  of  the  upper  reservoir,  and 
the  amount  of  friction  of  water  in  transitu ;  and  it  some- 
times happens  that  the  water  is  being  drawn  off  faster  than 
the  engine  supplies  it,  and  the  velocity  of  the  water  beyond 
where  the  great  draught  occurs  is  consequently  decreased,  and 
the  resistance  proportionably  diminished. 

To  prevent  any  accident  to  the  engine  by  going  out  too 
suddenly  in  consequence   of  this  diminished  resistance,  a 
throttle  valve  is  placed  between  the  upper  and  lower  nozzle, 
and  in  the  pipe  communicating  with  the  top  and  bottom  of  the 
cylinder,  which  is  regulated  in  its  opening  by  a  screw  and  wheel 
handle,  and  by  contracting  the  passage,  or,  in  other  words, 
wire-drawing  the  equilibrium,  the  equalisation  of  pressure 
between  the  top  and  bottom  of  the  cylinder  is  more  slowly 
formed  during  the  time  the  plunger  is  descending,  to  the 
extent  which  the  weight  is  in  excess  of  the  diminished  resist- 
ance. In  these  engines  this  valve  has  been  found  of  invaluable 
service,  and  it  will  even  hold  the  plunger  at  the  top  of  the 
stroke.    It  acts  exactly  like  putting  on  a  break  to  a  crane 
when  lowering  a  weight,  without  absorbing  any  power  or 
causing  any  disturbance  to  the  working  of  the  engines. 
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The  opening  of  the  steam  injection  and  exhaustion  valve  is 
regulated  hy  a  cataract,  and  the  speed  of  the  engine  is  thus 
under  the  control  of  the  engine  man.  The  equilibrium  valve 
is  opened  hy  quadrant  catches,  and  is  dependent  upon  closing 
of  the  exhaustion  valve ;  the  former  heing  opened  upon  the 
closing  of  the  latter,  and  shut  in  the  usual  manner  by  a  tappet 
upon  the  plug  rod. 

The  injection  valve  is  also  made  upon  the  double  beat  prin- 
ciple, to  render  the  strain  upon  the  exhaustion  valve  spindle  as 
little  as  possible,  by  relieving  it  of  all  unnecessary  pressure, 
the  underside  of  it  being  open  to  the  condenser. 

In  the  event  of  the  bursting  of  any  pipe  in  the  main,  and 
the  resistance  to  the  plunger  being  suddenly  removed,  a  detent 
is  fixed  upon  the  plug  rod  to  prevent  the  repetition  of  a  blow 
upon  the  spring  beams  by  the  catch  pins.  This  detent  comes 
into  action  upon  the  engine  making  more  than  its  usual  length 
of  working  stroke,  by  holding  the  steam  handle  down,  and 
thus  preventing  the  opening  of  the  steam  valve.  This  adjunct 
to  the  hand  gear,  though  it  may  never  he  brought  into  opera- 
tion from  such  an  occurrence,  would  evidently  be  of  great 
value  in  such  a  case. 

The  air  pump  is  of  34  inches  diameter  and  5  feet  stroke, 
and  the  condenser  of  similar  capacity.    The  air  pump  bucket 
is  fitted  with  a  brass  annular  or  ring  valve,  and  the  delivery 
and  foot  valves  are  of  the  usual  construction,  or  what  are 
termed  flap  valves.    A  vacuum  is  obtained  varying  from  27  to 
29  inches,  according  to  the  state  of  the  atmosphere.  Each  en- 
gine has  its  separate  condenser  cistern  formed  of  cast-iron, 
which  is  supplied  by  a  cold  water  pump  of  13 J  inches  diameter, 
making  a  5  feet  stroke.    The  feed  pump  is  of  GJ-  inches  dia- 
meter and  2  feet  6  inches  stroke,  fitted  with  an  air  vessel. 
The  plunger  of  the  main  pump  is,  as  before  stated,  23  inches 
diameter,  and  has  tho  same  length  of  stroke  as  the  steam  piston, 
viz.,  10  feet.    The  suction  valves  and  delivery  valves  of  the 
pump  are  of  the  double-heat  kind,  and  fitted  in  pairs  for  the 
purposo  of  giving  additional  security  to  the  action  of  the  pump, 
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in  the  event  of  one  of  them  sticking  or  hecoming  otherwise 
deranged. 

The  air  vessel  is  7  feet  internal  diameter  and  18  feet  high, 
or  15  feet  high  above  the  delivery  branch  into  the  main,  and  it 
is  replenished  with  air  by  a  separate  pump  of  6  inches  diame-  ' 
ter  and  3  feet  6  inches  stroke.    An  air-cock  is  fixed  upon  the 
suction  pipe  of  this  pump,  by  which  is  regulated  the  necessary  • 
quantity  of  air  to  be  supplied.    This  cock  only  requires  to  be  . 
partially  open,  and  when  closed  entirely  the  pump  lifts  water 
only. 

The  air-vessel  is  of  great  importance,  as  by  its  equalising 
action  the  motion  of  water  in  the  mains  is  rendered  continuous, 
and  a  less  weight,  in  consequence,  is  required  to  gire  the  ne^ 
cessary  velocity  to  the  descent  of  the  plunger  in  the  out-door 
stroke.  At  the  top  of  the  pump  plunger  is  fixed  the  pole 
case,  containing  the  necessary  weights  to  overcome  the  load  or 
resistance,  and,  as  before  stated,  is  equal  with  the  plunger  and 
rod  to  about  26^  tons. 

Upon  the  first  delivery  pipe  joining  the  air  vessel  is  fixed  a 
safety  discharge  valve,  6  inches  diameter,  loaded  by  a  lever  and 
weight  a  little  above  the  pressure  upon  the  main,  to  prevent 
any  undue  force  being  thrown  upon  the  pump  from  the  acci- 
dental shutting  of  the  sluice  cocks  between  the  engines  and 
the  town. 

The  main  lever  or  working  beam  is  30  feet  long,  cast  in  two 
plates  each  of  3  inches  in  thickness,  and  the  depth  of  it  in  the 
middle  is  6  feet,  and  at  the  ends  2}  feet.  Each  of  the  plum- 
mer  blocks  has  saddles  of  cast-iron  between  them,  and  wooden 
spring  beams  30  inches  deep  and  20  inches  wide. 

It  may  be  interesting  to  state  that  the  quantity  of  water 
lifted  by  every  stroke  of  each  engine  is  equal  to  180  gallons, 
or  1,800  gallons  per  minute,  and  108,000  gallons  per  hour, 
weighing  upwards  of  483  tons  lifted  in  each  hour. 

Mr.  Garland  further  stated,  in  explanation  of  his  paper,  that 
the  pressure  of  steam  was  about  12  lbs.  per  square  inch  in  the 
cylinder,  and  that  it  was  cut  off  at  one-third  of  the  stroke,  ex- 
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panding  through  the  remaining  two-thirds.  The  actual  duty 
had  not  been  ascertained,  because  the  fuel  used  consisted  of 
Staffordshire  small  coal  or  slack.  The  evaporative  value  of 
this,  as  compared  with  the  best  Welsh  coal  (which  is  com- 
monly  used  in  testing  the  duty  of  a  pump  engine),  has  not 
oeen  ascertained.  He  stated,  in  answer  to  a  question,  that  the 
small  pump  had  been  found  necessary  to  replenish  the  air 
vessel.  It  is  certain,  however,  that  there  are  many  instances 
of  air  vessels  attached  to  pumping  engines  in  London  and  else- 
where, without  the  addition  of  any  such  pump  to  supply  the 
air  vessel. 

Mr.  Cooper,  who  was  present  at  the  discussion  which  followed 
Mr.  Garland's  paper,  expressed  an  opinion,  that  it  was  pre- 
ferable to  make  a  pumping  engine  double  acting  on  the  bucket 
and  plunger  plan,  with  the  plunger  half  the  area  of  the 
bucket,  so  as  to  pump  half  the  water  in  the  up  stroke,  and 
half  in  the  down  stroke,  thus  enabling  an  engine  and  pump  of 
half  the  size  to  do  the  same  work  ;  also  to  add  a  crank  and  fly 
wheel,  and  work  at  a  higher  speed,  which  further  reduced  the 
size  and  cost  of  engine  and  pump.  Mr.  Cooper  mentioned  an  in- 
stance of  some  works  where  there  were  four  150  horse  power 
engines  working  very  satisfactorily  on  this  plan  from  12£  to 
21  strokes  per  minute,  with  7  feet  length  of  stroke.  But  he 
considered  the  horizontal  engine  with  direct  acting  pump  and 
crank,  was  the  most  advantageous  and  economical,  when  the 
water  to  be  pumped  was  near  the  engine  house  floor. 

Double  acting  condensing  engines  are  also  occasionally  em- 
ployed for  pumping,  and  so  also  arc  direct  acting  engines 
working  without  a  beam,  the  steam  cylinder  being  placed 
directlv  over  the  barrel  of  the  pump. 

In  many  of  the  American  water  works,  as  at  Pittsburgh, 
Alleghany,  and  Detroit,  high  pressure  non-condensing  engines 
arc  used  for  pumping.  The  work  of  these,  however,  does  not 
appear  to  be  very  satisfactory,  as  a  recent  report  on  the  water 
works  of  these  cities  gives  the  duty  performed  by  the  pump- 
ing engines  there.    The  steam  is  generated  by  means  of  wood, 
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the  value  of  which  for  evaporating  purposes,  as  compared 
with  bituminous  coal,  is  well  known  by  the  American  engineers. 

The  following  table  shows  the  duty  of  several  of  these  high 
pressure  non-condensing  engines,  from  a  recent  report  of  the 
engineer  of  the  Detroit  Water  Works,  reduced  to  the  English 
standard  of  lbs.,  raised  one  foot  high  by  the  consumption  of 
1  cwt.  of  coal.  . 

Duty  in  lbs. 

Pittsburgh  Upper  Water  Works  Engines,  date  1S52     .  19,941,600 

Ditto,    Lower    works  19,112,576 

Alleghany  city   19,226,700 

Detroit   17,397,850 

In  Cincinnati  and  other  towns,  there  are  both  kinds  of  en- 
gines ;  namely,  condensing  and  non-condensing  high  pressure 
engines.  This  practice  of  adopting  both  kinds  is  worthy  of 
attention.  The  ordinary  and  regular  work  is  assigned  to  a 
condensing  double  acting  engine,  working  expansively  like  our 
Cornish  engines  ;  and  the  duplicate  engine  employed  for  occa- 
sional work,  and  to  serve  in  case  of  emergency,  is  a  high 
pressure  non-condensing  engine,  with  much  smaller  cylinder 
than  the  other.  This  gives  the  advantage  of  great  economy 
in  the  regular  continuous  working  of  the  condensing  engine, 
and  as  the  high  pressure  engine  is  much  cheaper  to  erect,  it 
saves  a  considerable  sum  in  the  first  outlay.  Mr.  McAlpine, 
a  celebrated  American  hydraulic  engineer,  has  adopted  this 
method  in  most  of  his  recent  works,  as  in  Brooklyn,  Albany, 
Chicago,  and  other  places. 

Thus,  at  Albany,  where  two  million  gallons  have  to  be  raised 
daily  to  a  height  of  156"  feet,  and  another  million  to  a  height 
of  238  feet,  exclusive  of  friction,  Mr.  McAlpine  proposes  a 
double-action  condensing  Cornish  engine  for  the  regular  pump- 
ing work,  with  a  duplicate  non-condensing  engine  as  a  reserve. 

The  Cornish  engine,  to  have  a  58-inch  cylinder  12  feet 
stroke,  and  to  be  worked  at  10  double  strokes  a  minute — Steam 
in  boiler  30  lbs.  per  inch  ;  ditto  in  cylinder,  effective  pressure 
20  lbs.    The  non-condensing  engine  to  be  made  horizontal, 
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and  to  work  steam  at  a  pressure  of  70  lbs.  per  irch  on 
the  piston,  cutting  off  at  £  stroke,  making  twenty  strokes 
per  minute,  and  calculated  to  do  the  whole  work  by  pump- 
ing twenty  hours  a  day.  The  cylinder  to  be  24  inches  dia- 
meter and  6  feet  stroke,  giving  an  effective  velocity  of  240 
feet  per  minute.  The  condensing  engine  to  work  two  pumps, 
each  18  inches  diameter  ;  the  non-condensing  engine  to  do  the 
same  work  with  one  18-inch  pump. 

At  Chicago,  where  three  million  gallons  a  day  have  to  be 
raised  90  feet  high  in  twelve  hours,  Mr.  McAlpine  proposes 
a  condensing  engine  with  a  46-inch  cylinder,  9  feet  stroke, 
making  13^  double  strokes  per  minute,  effective  velocity  240  feet 
per  minute.  Steam  in  boilers  and  cylinder  the  same  as  at  Albany. 

As  the  duplicate  engine  is  to  be  used  only  for  short  inter- 
vals, cheapness  in  its  construction  is  more  to  be  regarded  than 
economy  in  using  it.  He  therefore  proposes  to  make  this  of 
the  minimum  size,  necessary  to  afford  the  requisite  supply  of 
water,  by  working  the  whole  twenty-four  hours.  For  this  en- 
gine he  specifies  a  steam  cylinder  of  18  inches  with  6  feet 
stroke,  piston  travelling  240  feet  per  minute,  using  steam  at 
80  lbs.  pressure  at  the  cylinder,  and  to  be  cut  off  as  before  at 
three-fourths  of  the  stroke.  This  engine  to  work  horizontally 
and  to  drive  an  18-inch  horizontal  pump  by  direct  action. 

The  Brooklyn  works  are  much  later  and  of  more  recent 
date  than  either  of  the  others.  Here  the  work  to  be 
done  is  equal  to  raising  5  million  gallons  per  day,  to  the 
height  of  190  feet  in  twelve  hours.  To  perform  this  work 
Mr.  McAlpine  proposes  a  double  acting  72-inch  cylinder 
Cornish  engine,  working  expansively,  and  using  steam  of  20  lbs. 
pressure  per  square  inch  of  the  piston.  The  duplicate  engine 
here  is  to  have  a  30-inch  cylinder,  and  to  use  steam  as  before 
of  80  lbs.  pressure. 

The  performance  of  the  small  high  pressure  steam  engines  for 
farm  purposes,  exhibited  during  the  last  few  years  at  the  shows 
of  the  Royal  Agricultural  Society,  is  calculated  to  excite  some 
astonishment.    It  is  no  uncommon  thing  to  find  these  small 
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engines  of  six  or  eight-horse  power,  reported  as  working  with 
5  lbs.  of  coal  per  horse  power  per  hour,  which  is  equivalent  to 
a  duty  of  more  than  44  millions.  Considerable  allowances, 
however,  must  be  made  from  this  large  amount  of  duty,  as  it 
is  almost  certain  that  the  whole  working  power  of  the  engines  is 
estimated,  and  no  distinction  made  between  the  power  absorbed 
in  overcoming  friction  and  that  producing  useful  effect.  It  is 
certain  that  the  recorded  performance  of  those  engines  does  not 
represent  the  actual  duty,  as  we  have  no  instance  of  high  pres- 
sure engines  anywhere,  and,  under  any  circumstances,  working 
with  a  duty  much  exceeding  twenty  million  pounds=  1  libs,  of 
coal  per  horse  power  per  hour. 

CONDENSING     HIGH-PRESSURE     ENGINES  WORKING 
EXPANSIVELY. 

Most  of  these  engines  are  single  acting,  like  the  condensing 
Boulton  and  Watt  pumping  engines,  the  principal  distinction 
being  that  they  work  with  steam  of  much  higher  pressure  ;  that 
this  steam  is  cut  off  after  performing  from  one-eighth  to  one- 
third  of  the  stroke,  and  that  the  cylinder,  boiler,  and  steam  pipes 
are  very  carefully  clothed  with  non-conducting  material  to  pre- 
vent any  loss  of  heat  by  radiation.  The  Cornish  engine  at  the 
East  London  Water  Works,  which  has  been  described  by  Mr. 
Wicksteed,  has  a  cylinder  SO]-  inches  in  diameter,  with  a  stroke 
of  10  feet.  It  works  a  pump  with  a  plunger  pole  41  inches 
diameter  and  stroke  of  9  feet.  The  engine  usually  makes 
eight  strokes  per  minute,  and  forces  the  water  to  the  top  of  a 
stand  pipe  108  feet  high,  above  the  surface  of  the  pumping 
well. 

Calculation  of  the  power  of  this  engine  : — 
Area  of 

plunger  in       Lift.  its. 
sq.  ft. 

9  168  X   108  X   62-5  =  61,884  resistance  to  plunger. 

9  ft.  pump  stroke. 

61,884  x    —  =  55,695-6  lbs.  load   on  steam 

10  ft.  engine  stroke. 

piston. 


256 


PUMPING  MACHINERY 


Length  Strokes 
of  stroke,  permin. 
Then  55695-6  X   10  X  8    =    4,455,648  lbs.  lifted  one 

foot  high  per  minute. 

4,455,648 
and     .  =  135  horses. 

33,000 

135  , 
als0      _=  16-875  horses  for  each  stroke  per  minute. 

8 

This  is  the  power  at  which  the  engine  actually  works,  but 
according  to  the  Cornish  method  of  estimating  horse  power, 
an  80  inch  cylinder  engine  would  be  capable  of  working  at  a 
much  higher  power  than  this.  The  Cornish  makers  usually 
construct  their  engines  of  this  size,  capable  of  working  with  a 
pressure  equivalent  to  15  lbs.  per  square  inch  acting  uni- 
formly on  the  piston,  and  the  effective  velocity  of  the  piston  is 
taken  at  110  feet  per  minute,  which  is  equal  to  11  double 
strokes  of  10  feet  each  per  minute.  Hence  the  power  ot  the 
engine  would  be 

square  his.  area  of     fts.  pres-  Velocity 
piston  less  area  of    sure  per  per 
piston-rod.      square  inch,  minute. 

5019     X     15     X  110 

 -  —  2ol  horses. 

33,000 

This  engine,  when  making  8  strokes  per  minute,  lifts  6G0 
cubic  feet  per  minute,  or  5,940,000  gallons  in  24  hours. 
When  making  11  strokes  per  minute,  the  quantity  would  be 
8,167,500  gallons  in  24  hours. 

Fig  24  is  the  elevation  of  the  forcing  plunger  pump  worked 
by  this  engine,  showing  also  the  pumping  well  and  the  stand 
pine  A  is  the  wind  bore  or  air  pipe  of  the  pump,  B  is  the 
main  pump  barrel  or  pole  ease,  C  is  the  plunger  pole,  D  is  the 
lower,  and  tfthe  upper  valve  box,  F  is  the  delivery  pipe  lead- 
in-,  to  the  stand  pipe  G  ;  U  is  the  pumping  well  to  which  the 
water  is  conveyed  by  a  culvert  from  the  settling  reservoirs  or 
filter  beds,  and  ah  is  the  level  of  the  water  m  the  well. 
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In  the  ordinary  working  of  Cornish  engines  the  steam  is 
raised  in  the  boilers  to  a  pressure  varying  from  35  to  50  lbs. 
per  square  inch,  and  is  cut  off  from  the  cylinder  after  the 
piston  has  passed  through  a  distance  varying  from  one-tenth 
to  one- third  of  the  stroke.  It  has  been  observed  that  the 
duty  of  many  large  pumping  engines  in  Cornwall  has  been  very 
great  when  they  were  first  erected,  and  that  the  duty  after- 
wards fell  off.  Mr.  Wicksteed  explains  and  accounts  for  this 
by  saying,  that  at  first  the  mine  is  not  deep,  and  the  engine  is 
worked  far  below  her  full  power,  consequently  the  steam  is 
cut  off  when  the  piston  has  performed  only  a  very  small  part 
of  the  stroke.  In  proportion  as  the  mine  becomes  deeper, 
the  work  required  from  the  engine  increases,  so  that  the 
expansion  of  the  steam  is  not  carried  to  the  same  extent,  and 
the  duty  falls  off. 

Mr.  Wicksteed  made  some  very  interesting  experiments 
on  the  Cornish  engine  at  the  East  London  Water  Works, 
which  amongst  other  things,  show  the  effect  of  expansion  at 
different  parts  of  the  stroke. 

Thus,  when  the  steam  was  cut  off  at  of  the  stroke,  the 
duty  of  the  engine  with  112  lbs.  of  Welsh  coal  of  the  same 
quality  as  used  in  Cornwall  was  7b'v  million  lbs.,  and  when 
the  steam  was  cut  off  at  T\  of  the  stroke  the  duty  amounted 
to  105-7  milliou.  These  experiments  were  made  in  the  most 
careful  manner,  and  extended  over  a  period  of  several  weeks. 

In  these  experiments  the  steam  pressure  in  the  boilers  varied 
from  30  to  52  lbs.,  the  pressure  in  the  cylinder  before  cutting 
off  the  steam  varied  from  15  to  20  lbs.  per  square  inch,  and 
the  mean  pressure  of  the  steam  on  the  piston  varied  from 
13-08  to  15-54  lbs.  per  square  inch. 

The  large  amount  of  duty  reported  of  the  Cornish  pumping 
engines  has  given  rise  to  a  great  deal  of  discussion  within  the 
last  few  years.  When  Mr.  Wicksteed  first  visited  Cornwall 
thirty  years  ago  for  the  purpose  of  examining  these  engines, 
he  found  ohc  of  the  engines  at  the  Fowey  consolidated  mines 
doing  a  duty  of  83,000,000  lbs.  with  a  bushel  of  coal.  The 
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weight  of  the  Cornish  bushel  of  coals  was  at  first  supposed  to 
be  84  lbs.,  but  was  since  more  accurately  ascertained  to  be 
94  lbs.  Hence  the  duty  of  this  engine  was  at  that  time  very 
nearly  100,000,000  lbs.  for  1  cwt.  of  coal.  This  duty  has 
since  been  considerably  exceeded,  but  Mr.  Wicksteed  satisfied 
himself  from  the  enquiries  and  observations  he  was  then  able  to 
make,  that  the  Cornish  engine  would  effect  a  saving  of  nearly 
two-thirds  of  the  coals  if  used  for  pumping  by  the  London 
Water  Companies.  In  addition  to  the  use  of  high  pressure 
steam  and  the  practice  of  cutting  it  off  and  working  it  expan- 
sively, the  Cornish  engines  differ  from  the  Boulton  and  Watt 
engines  in  the  following  particulars. 

1st.  The  boilers  are  not  waggon  shaped  but  cylindrical,  hav- 
ing in  most  cases  an  internal  tube  traversing  the  boiler  longi- 
tudinally. 

2nd.  The  boiler,  the  cylinder,  and  steam  pipes  are  com- 
pletely cased  with  non-conducting  material,  every  precaution 
being  taken  to  prevent  radiation  of  heat.  The  consequence  is 
that  the  engine  room  is  at  all  times  perfectly  cool,  and  very 
little  heat  is  lost,  even  when  the  engine  has  to  stand  still  for 
several  hours. 

3rd.  The  steam  and  exhausting  valves,  as  well  as  the 
pipes  leading  to  the  condenser,  are  of  very  large  capacity,  and 
the  valves  are  capable  of  being  opened  with  great  facility,  in 
consequence  of  which  they  are  worked  with  much  less  exer- 
tion of  strength  than  in  other  engines. 

4th.  The  length  of  the  stroke  is  greater  and  the  number  of 
strokes  per  minute  fewer  than  in  other  engines. 

5th.  The  engine  man  possesses  the  most  perfect  power  to 
regulate  the  number  of  strokes,  by  means  of  the  cataract. 
Mr.  Wicksteed  observes,  that  this  contrivance  is  peculiarly 
applicable  to  engines  for  water  works,  where  the  demand  for 
water  increases  every  year,  and  where  the  power  must  increase 
in  proportion. 

6th.  The  Cornish  engine,  being  put  up  at  first  of  greater 
power  than  is  actually  required,  say  to  work  at  first  with  steam 
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cut  off  at  one-sixth  part  of  the  stroke,  will  continue  to  be 
adapted  to  an  increase  of  work  much  longer  than  any  other 
form  of  engine,  because  an  increase  of  power  will  be  obtained, 
both  by  working  steam  of  higher  pressure,  and  by  allowing  the 
steam  to  act  on  the  piston  through  a  greater  proportion  of  the 
length  of  stroke.  In  this  way  the  expense  of  additional 
new  engine  power  may  be  longer  deferred  when  the  Cornish 
engine  is  used. 

The  other  advantages  which  Mr.  Wicksteed  enumerates 
have  chiefly  reference  to  the  pumps  being  worked  by  solid 
plunger  pistons,  and  with  an  improved  form  of  valves.  These 
advantages,  however,  are  not  confined  to  the  adoption  of  the 
Cornish  engine,  as  the  plunger  pump  with  solid  piston  is  fre- 
quently worked  by  the  Boulton  and  Watt  single  acting  engine. 

The  celebrated  double  beat  valves  of  Messrs.  Harvey  and 
West,  which  are  used  so  generally  in  the  pumps  worked  by 
Cornish  engines,  are  equally  applicable,  both  to  lifting  pumps 
and  forcing  pumps  worked  by  other  kinds  of  engines. 

THE   VALVES  USED  IN  PUMPS. 

In  both  lifting  pumps  and  force  pumps  there  must  be 
at  least  two  fixed  valves.  Although,  of  course,  these  valves 
open  and  close,  they  are  called  fixed,  in  contradistinction  to  the 
valve  which  is  placed  in  the  moveable  piston  of  the  common 
atmospheric  pump.  The  seating  of  the  valves,  however,  or 
the  part  on  which  they  close  when  shut  down,  is  the  only  part 
that  is  really  fixed  and  immoveable.  The  two  kinds  of  valves 
formerly  used  for  pumps  in  water  works  were  called  "butterfly 
valves"  and  conical  valves.  The  first  kind  was  so  named, 
from  a  fancied  resemblance  to  the  wings  of  a  butterfly,  the 
valve  being  composed  of  two  semicircular  disks,  hinged  to  the 
seating  along  the  diameter  of  the  semicircle.  The  conical 
valve  was  of  metal,  both  the  valve  and  the  seating  being  accu- 
rately turned  and  fitted  to  a  true  conical  form.  This  kind  of 
valve  is  shown  in  the  section  of  pumps  employed  in  the  mine 
of  Iluelgoat  (fig.  18,  p.  234). 
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Both  the  conical  and  the  butterfly  form  of  valve,  however, 
have  been  entirely  superseded  by  Harvey  and  West's  patent 
double  beat  valve,  which  is  now  almost  invariably  used  in  all 
large  pumps. 

The  seating  of  this  valve  consists  of  a  circular  ring,  on  which 
the  lower  part  of  the  valve  closes  or  beats  as  it  is  called,  and 
of  a  circular  plate  of  somewhat  less  diameter  than  the  ring, 
and  on  the  outer  edge  of  which  the  upper  part  of  the  valve 
beats — hence  the  name  double  beat  valve.    Figs.  25  and  26, 

Fig.  25. 


I  „  d 


c 

b  b 

r 

f  A 

Fig.  26. 


arc  respectively  an  elevation  and  section  of  the  seating.  In 
these  figures  a  is  the  circular  ring  on  which  the  base  of  the  valve 
beats,  and  b  is  the  circular  plate  on  which  the  upper  part  of 
the  valve  beats,    c  is  a  cylinder  cast  upon  the  seat  and  turned 
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perfectly  true,  so  as  to  form  a  guide  for  the  valve  to  work 
upon  and  keep  it  in  its  place,  and  d  is  a  cap  bolted  on  the 
cylinder  to  stop  the  upward  motion  of  the  valve  and  prevent 
it  from  rising  too  high. 

The  valve  itself  may  be  described  as  a  sort  of  double 
cylinder  one  within  the  other,  forming  one  piece  entirely  open 
at  the  bottom  and  partly  so  at  the  top.    Figs.  27,  28,  and  29, 


Fig.  27. 


Fig.  29. 
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are  a  plan,  elevation,  and  section  of  the  valve ;  e  e  e  are  the 
openings  in  the  top  of  the  valve  ;  /  is  the  part  which  embraces 
and  works  on  the  cylinder  c.    (j  is  the  upper  ring  which  beats 
on  the  plate  b,  and  h  is  the  lower  ring  of  the  valve,  which  beats 
on  the  lower  part  of  the  seat  a.    The  actual  beats  ii,  (fig.  26) 
on  which  the  parts  of  the  valve  rest  when  closed,  are  either 
formed  by  a  raised  ridge  cast  or  wrought  upon  the  seat,  and 
faced  or  turned  true,  or  are  formed  by  introducing  into  circular 
grooves,  cast  in  the  seat,  a  ring  of  wooden  wedges  or  of  soft 
metal,  the  top  surface  in  either  case  being  faced  or  turned  true 
to  receive  the  valve.    The  patentees  prefer  wood  or  soft  metal 
for  the  beating  surfaces.    The  two  rings  g  and  h  must  also  be 
faced  or  turned  true,  so  as  to  fit  accurately  to  the  beating 
surfaces  when  closed,    k  shows  the  part  of  the  valve  which 
is  exposed  to  the  pressure  of  the  atmosphere,  or  to  the  force 
created  by  the  motion  of  the  piston,  according  as  the  valve  is 
the  lowest  or  the  highest  in  the  pump.    This  area  must  be  of 
such  a  size,  that  the  pressure  acting  on  it  will  overcome  the 
weight  of  the  valve,  and  cause  it  to  rise.    Figs.  30  and  31 


arc  two  sections  of  the  valve  and  seat,  the  former  showing  the 
valve  closed  and  the  latter  open,  the  arrows  marking  the 
course  taken  by  the  water  passing  through  the  valve.  Figs. 
25  to  31,  inclusive,  are  drawn  on  a  scale  of  1  inch  to  2  feet. 


Fig.  30. 
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The  great  advantages  of  this  valve  over  the  old  forms  of 
butterfly  and  conical  valves,  are  the  following: — 1st,  as  the 
area  of  the  valve  exposed  to  the  pressure  of  the  column  of 
water,  or  to  the  action  of  the  piston  upon  its  return  stroke,  is 
considerably  less  than  in  any  other  form  of  valve,  the  blow  and 
consequent  vibration  caused  by  the  shutting  of  the  valves  is 
diminished  in  proportion,  and  less  costly  foundations  are  there- 
fore required  ;  2nd,  the  loss  of  water  upon  the  shutting  down 
of  this  valve  is  considerably  diminished. 

The  testimony  of  engineers,  and  all  who  have  ever  been 
concerned  in  the  working  of  pumps,  is  universal  in  favour  of 
these  valves,  which  work  without  any  of  the  jar,  noise,  and 
vibration  of  the  old  forms.  They  open  and  close  quietly,  and 
work  for  years  without  appearing  to  be  perpetually  trying  to 
destroy  and  knock  themselves  to  pieces,  an  idea  which  the 
old  butterfly  valve  especially  prompted  in  all  who  witnessed 
its  performance. 

Wood  faces  were  originally  used  for  the  valves  by  the  pa- 
tentees, but  these  are  now  frequently  superseded  by  a  mixture 
of  tin  and  lead,  forming  a  composition,  which  is  run  into  a 
dovetailed  groove  in  the  seat.  The  valves  and  the  seat  are 
usually  of  cast  iron.  At  the  Birmingham  Water  Works  the 
pumps  are  23  inches  in  diameter,  and  each  pump  is  provided 
with  a  double  system  of  valves  one  over  the  other,  in  order  to 
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give  additional  security  to  the  action  of  the  pumps,  which 
work  under  an  unusually  high  pressure.  These  valves  are 
on  Harvey  and  West's  principle.  They  act  so  perfectly  that 
the  blow  when  shutting  is  scarcely  perceptible.  They  were 
taken  out  after  six  months'  work,  and  the  beating  faces  of 
them  were  as  perfect  as  when  first  put  in. 

Mr.  Marten*  says,  before  the  introduction  of  Harvey  and 
West's  double  beat  valves,  so  great  was  the  objection  to  the 
old  form  of  butterfly  valve,  that  the  Cornish  engine  was  on 
the  point  of  being  abandoned  in  despair  when  first  introduced 
into  water  works.  The  concussion  caused  by  the  sudden 
closing  of  large  butterfly  valves  acting  under  great  pressure, 
was  so  severe  as  to  occasion  serious  alarm  for  the  safety  of 
the  machinery  and  foundations. 

The  beautiful  principle  adopted  in  Harvey  and  West  s 
valve  for  regulating  the  area  of  the  part  subjected  to  the 
pressure,  entirely  obviates  this  serious  objection. 

Mr.  Marten  says,  for  ordinary  purposes,  as  for  colliery 
pumping  engines,  and  where  the  lifts  are  small,  the  butterfly 
valve  is  very  serviceable  and  economical;  as  there  are  no 
expensive  faces  to  be  ground,  the  valves  are  not  liable  to 
derangement  by  grit  and  other  impurities  in  the  water,  and 
they  can  be  readily  repaired  on  the  spot. 

For  a  class  of  work  one  grade  higher  than  ordinary,  Mr. 
Marten  recommends  the  double  beat  ring  valve,  and  observes 
that  as  large  valves  from  16  to  20  inches  diameter,  these 
work  well  when  made  of  cast  iron  with  wooden  beats.  V  ben 
the  valves  are  smaller,  they  are  better  with  gun  metal  beats 

working  face  to  face. 

The  following  description  of  a  new  kind  of  valve  used  a 
tbc  Hull  Water  Works  is  given  by  Mr.  Marten  in  his  recent 

Pa»°Tb7  valve  consists  of  a  pyramid  of  circular  seats  one 
above  another,  on  each  of  which  there  are  a  number  of  small 
circular  beats  about  2  inches  diameter,  into  which  drop  a 
♦  Taper  read  before  the  Institution  of  Mechanical  Engineers. 
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corresponding  number  of  gutta-percha  balls.  The  action  of 
this  valve  is  very  simple.  It  was  invented  by  Mr.  William 
Hosking,  and  inserted  in  the  place  of  a  double  beat  valve. 
It  is  22  inches  diameter,  and  works  under  a  head  of  160  feet, 
in  connection  with  a  plunger  pump,  with  a  direct  action  steam 
cylinder.  Immediately  upon  starting,  it  was  found  that  this 
valve  lightened  the  burden  of  the  engine  about  1|  cwt.,  and 
it  has  since  been  working  with  great  satisfaction." 

This  valve  is  said  to  act  entirely  without  concussion,  and 
to  be  almost  entirely  free  from  any  danger  of  stoppage  or 
injury  by  extraneous  bodies  getting  jammed  in. 

The  valve  at  Hull  contains  56  of  the  small  gutta-percha 
balls,  which,  being  very  little  heavier  than  water,  are  lifted 
with  the  greatest  ease,  and  therefore  reduce  considerably  the 
weight  on  the  engine  as  compared  with  any  form  of  metal 
valve,  the  latter  frequently  weighing  as  much  as  5  or  6 
cwt.    Mr.  Marten  enumerates  many  advantages  possessed  by 
this  form  of  valve,  one  of  these  being  the  ease  with  which  it 
can  be  repaired.    Scarcely  anything  can  get  out  of  order, 
except  the  gutta-percha  balls  ;  and  it  is  only  necessary  to  keep 
a  few  spare  ones  in  readiness,  while  those  which  are  damaged 
can  be  warmed  and  recast  in  a  mould  kept  for  the  purpose, 
when  they  are  again  as  good  as  new.    This  form  of  valve  is  to 
be  used  for  the  pumps  of  the  South  Staffordshire  Water  Works 
(see  specification  in  the  Appendix). 

ON   CALCULATING  THE   SIZES  OR  DIMENSIONS 
OF  PUMPS. 

The  capacity  of  a  pump,  unlike  that  of  the  cylinder  in  the 
engine,  is  independent  of  the  height  to  which  the  water  is  to  he 
lifted.  The  dimensions  of  the  pump  are  regulated  simply  by 
the  quantity  of  water  to  be  pumped.  Its  capacity  must  bo 
such  as  to  contain  the  quantity  of  water  to  be  raised  at  each 
stroke  of  the  piston ;  and  hence  if  we  have  Q  =  the  gallons  to 
be  raised  in  one  minute,  and  n  =  the  number  of  strokes  per 

n  2 
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minute,  then  the  capacity  of  the  pump  must  be  equal  to 
Q  gallons. 

71  Put  d  =  diameter  of  a  pump  barrel  in  inches,  I  =  its  length 

in  feet,  S  =  its  capacity  in  gallons.    Then  as  a  cubic  foot 
n 

contains  6 '25  gallons,  we  have 

d-  X  -7854  x  I  X  6'25_Q     This  being  reduced  becomes 


144  n 

,  Q 
•03409  dH  =  -    •    ■  ■ 


0) 


  (2) 

•03409  dhi 

and  V  -03409  In 

On  these  simple  expressions  is  founded  the  rule  which 
appears  in  many  elementary  works  for  finding  the  number 
of  gallons  in  a  yard,  a  foot,  or  any  other  length  of  pipe  of  a 
given  diameter. 

To  find  the  gallons  in  a  foot  of  length,  take  the  square  of 
the  diameter  in  inches,  strike  off  one  figure,  and  divide  by  3. 
To  find  the  gallons  in  a  yard,  square  the  diameter  as  before, 

and  strike  off  one  figure.  .      .  ' 

Example-  Required  the  content  in  gallons  of  a  pipe  lo 
inches  diameter,  with  lengths  of  50  feet  and  50  yards. 

Here  15  x  15  =  225,  and  ~  =  7'5  gallons  per  foot; 
then  50  X  7-5  =  375  gallons  ;  also  22-5  gallons  per  yard; 
then  22-5  X  50  =  1 125  in  50  yards.  . 

This  rule,  it  will  bo  observed,  is  slightly  at  variance 
with  formula  (1).  It  m  fact  supposes  the  factor  to  bo 
•033  instead  of  -03109.  This  slight  difference  is  of  very 
little  consequence  in  practice,  and  in  fact  the  popular  ru  e 
will  agree  almost  exactly  with  the  formula,  if  we  take  tij 
contents  of  a  cubic  foot  to  be  G-23  gallons  instead  of  MM 
the  former  quantity  being  the  one  commonly  assumed  by 
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some  engineers.  It  is  evident,  if  we  wish  to  know  the  weight 
cf  water  in  a  pump  barrel  or  pipe,  we  have  only  to  use 
the  factor  with  the  decimal  point  one  place  removed,  namely, 
•3409  instead  of  "03409.  In  the  same  way,  the  weight  of 
water  in  lbs.  in  a  yard  length  of  pipe  will,  of  course,  be 
simply  the  square  of  the  diameter  iu  inches.  The  Cornish 
engine  reporters,  in  calculating  the  weight  of  the  column  of 
water  lifted  by  their  engines,  use  the  factor  2 •  0454,  which  is 
exactly  six  times  -3409.  They  then  multiply  by  the  lift  in 
fathoms,  each  of  which  is,  of  course,  equal  to  6  feet. 

Required  the  diameter  of  a  pump  with  a  10  feet  stroke, 
making  12  strokes  per  minute,  to  raise  three  million  gallons  in 
24  hours. 

tt      3,000,000      ,ho  R  , 
Here  — '  '  .  —  173'6  gallons  per  stroke. 

1440X  12  b  1 

VI  73*6 
 =  vAno-^  =  22-6  inches  for  the 
•03409x  10  vouyz 

diameter. 

The  American  engineers  are  in  the  habit  of  adding  one-third 
for  leakage,  so  that,  according  to  them,  a  pump  to  do  the 
above  work  would  have  to  be 


231-5 

•03409  x  10~  V"79  =  26  inches  diameter. 


ON   CALCULATING  THE   POWER  OF  ENGINES. 

The  work  performed  by  steam  engines  is  commonly  ex- 
l  ressed  in  what  is  termed  horse  power ;  that  is,  an  engine 
is  said  to  be  equal  to  the  work  performed  by  a  certain  number 
of  horses.  The  standard  which  has  been  fixed  on  to  represent 
the  work  of  one  horse,  is  equal  to  33,000  lbs.  raised  through 
a  space  of  one  foot  high  in  a  minute.  This  is  equivalent  to 
saying,  that  a  horse  walking  at  his  most  effective  speed  of 
2%  miles  an  hour,  or  220  feet  per  minute,  and  attached  to 
a  weight  of  150  lbs.  freely  suspended  over  a  pulley,  will  raise 
this  weight  at  (he  same  rate  of  220  feet  per  minute.  Using, 
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then,  this  standard  for  computing  the  work  of  engines— a 
standard  which  has  been  agreed  to  by  the  mechanicians  of  all 
countries— we  obtain  a  very  ready  method  of  determining 
the  horse  power  required  to  raise  any  given  quantity  of  water 
to  any  required  height.  The  data  required  for  this  purpose 
are  the  quantity  to  be  raised  in  any  given  unit  of  time,  and 
the  height  to  which  it  is  to  be  raised.  The  quantity  is  simply 
to  be  reduced  to  the  weight  in  pounds  raised  per  minute ; 
this  weight  is  to  be  multiplied  by  the  height  in  feet,  and  the 
product  divided  by  33,000  in  order  to  find  the  horse  power 
required  to  perform  the  work  in  question. 

A  gallon  of  distilled  water,  at  a  temperature  of  GO0  Fah- 
renheit, weighs  exactly  10  lbs.  avoirdupois  ;  so  that  by  adding 
a  cipher  to  any  quantity  expressed  in  gallons,  we  obtain  its 
weight  in  pounds.  Suppose,  now,  it  be  required  to  find  the 
horse  power  capable  of  raising  350  gallons  of  water  per  minute 
to  a  height  of  170  feet.  Here  we  have  350  x  10  =  3,500  lbs. 
to  be  lifted  per  minute,  and  3,500  X  1/0= 595,000 lbs.  lifted 

595,000  iol 
one  foot  high  per  minute,  and  -g^oo  =  18  P°Wer' 

When  the  quantity  is  expressed  in  gallons  to  be  raised  to 
a  given  height  in  24  hours,  it  is  necessary  to  divide  this 
quantity  bv  1,440,  in  order  to  bring  it  into  the  quantity  per 
minute;  and  as  33,000  x  1,440  =  47,520,000,  if  we  div.de 
the  gallons  per  day  of  24  hours  by  one-tenth  of  this,  or 
4,752,000,  we  obtain  the  horse  power  required  to  lift  it. 

'  The  table  of  horse  power  in  the  Appendix  (Table  I.)  has 
been  computed  in  this  way,  as  showing  the  horse  power  required 
to  raise  any  quantity  up  to  10,000,000  gallons  1  foot  high  in 
24  hours.  The  first  column  contains  the  gallons  to  be  lifted, 
and  the  second  column  gives  the  horse  power  required,  being 
simply  derived  from  the  first  by  dividing  it  by  4,752,000. 

The  use  of  this  table  is  so  simple  as  scarcely  to  demand 
explanation.  Let  it  be  required,  for  example,  to  find  the 
horse  power  necessary  to  raise  3,550,000  gallons  250  feet 


high  in  24  hours. 
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Here  we  have  opposite  the  given  quantity  "7471  :  hence, 
•7471  x  250  =  186-8  horse  power. 

Suppose  the  quantity  to  be  raised  should  not  occur  imme- 
diately in  the  Table.  Let  it  be  required,  for  instance,  to  find 
the  power  necessary  for  raising  2,316,500  gallons  234  feet 
high  in  24  hours.    Here  we  have 

Horses. 

2,300,000    .  -484 

16,000  =        part  of  -3367      ....  -0037 
500  =  -jiy  part  of  -0105       ....  -0010 

•4887 

Then  -4887  x  234  =  114  Horses. 

Or  the  horse  power  may  be  derived  thus  :  2,316,500  x  234  = 
542,061,000  gallons  raised  1  foot  high  in  24  hours. 

Horses. 

°PP°slte  5  1 1-0522  and  this  x  100  =  105-22  for  500,000,000 
millions  is  J 

4  millions  is    -8418      „        x    10  =     8-42  for  40,000,000 

2  millions  is    -4209   -42  for  2,000,000 

50,000  is        -0105  -01  for  61,000 

114-07  Horse  Power 

as  before. 

Without  the  use  of  a  table,  putting  o.  for  the  quantity  of 
gallons  to  be  raised  in  24  hours,  and  h  the  height  in  feet,  we  have 
oh 

4,752,000=  horSes  p0wer    '    '    *  (4)" 

When  the  capacity  of  engines  for  waterworks  is  to  be 
determined  according  to  the  horse  power,  it  is  not  sufficient 
to  take  the  exact  amount  of  this  from  calculation,  but  consi- 
derable allowances  must  be  made  for  the  friction  of  the 
engine  and  pumps.  Besides  the  unavoidable  friction  of  ma- 
chinery, it  is  also  necessary  in  all  engines  used  at  waterworks 
to  provide  a  considerable  amount  of  surplus  power,  so  that  in 
case  of  accident  and  repairs  there  may  be  no  absolute  stoppage 
of  the  pumping. 

Some  engineers  are  in  the  habit  of  doubling  the  net  horse 
power,  and  estimating  this  doubled  amount  at  a  fixed  price 
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per  horse  power;  others  assume  the  actual  friction  at  one- 
fourth  of  the  net  horse  power  exerted,  and  call  the  united 
amount  the  gross  horse  power.  They  then  divide  the  gross 
horse  power  into  two  equal  parts,  and  order  three  engines, 
each  of  a  power  equal  to  half  the  gross  horse  power.  Accord- 
ing to  this  mode  of  viewing  the  subject,  it  is  assumed  that 
two  of  the  engines— that  is,  two-thirds  of  the  whole  power- 
will  be  constantly  at  work,  while  the  remaining  third  engine 
will  be  in  reserve  to  be  used  in  case  of  accident  or  repairs. 

It  will  be  seen  on  examination  that  these  two  modes  of 
estimating  are  not  very  different  in  their  results.  Let  p 
represent  the  net  horse  power  required  by  calculation ;  then, 
according  to  the  first  mode,  the  gross  horse  power  to  be  esti- 
mated for  will  be  2p,  and  according  to  the  second  mode  it 

will  be  |  (P+!)=yF,  the  difference  being  only  the  8th  part 
of  the  net  horse  power.  For  example,  suppose  the  net  horse 
power  required  were  120  horses;  according  to  one  mode  of 
estimating,  240  hp  would  be  specified,  and  according  to  the 

120  +  30x3  u, 
other,   ^  =  225hp  would  be  taken. 

It  is  often  convenient,  in  conveying  general  aud  rapid  in- 
formation where  minute  accuracy  is  not  required,  to  express 
the  work  to  be  done  in  millions  of  gallons  raised  one  foot  high. 
Now,  on  referring  to  Table  I.  in  the  Appendix,  it  will  be  seen 
that  the  power  required  to  raise  1,000,000  gallons  1  foot  high 
in  24  hours  is  -21  horses.  Then,  according  to  the  first  mode 
of  calculating  above  alluded  to,  the  gross  horse  power  to  be 
assumed  would  be  "42  for  each  million  gallons,  and  according 

15_ 

to  the  other  mode  it  would  be -21  X  g  —-39. 

In  general  terms,  let  M  represent  millions  of  gallons  to  be 
raised  in  24  hours,  h  being  the  lift  in  feet,  including  the  faction 
through  the  pipes,  and  let  P  represent  horse  power: 
Then  '21  /(  M  =  P 

Also  "12  h  M  =  P  (gross)  according  to  first  mode, 
And  -39  h  M  =  P  (gross)  according  to  second  mode. 
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Put  c  for  the  coefficient  of  horse  power  in  the  above  equa- 
tions, or  the  gross  horse  power  required  to  raise  1,000,000 
gallons  1  foot  high  in  24  hours,  also  p  =  gross  horse  power, 

p 

then  we  have  cm/i  —  f  and  c= — ;. 

un 

We  shall  now  examine  this  coefficient  of  horse  power  for 
several  important  works,  in  which  the  engine  power  and  the 
quantity  pumped  are  accurately  known.  And  first  of  the 
London  Companies. 

The  Southwark  and  Vauxhall  Company,  according  to  their 
returns  in  1865,  pumped  on  the  average  6,000,000  gallons  a 
day  to  a  height  of  185  feet,  and  employed  for  this  purpose 
355  horse  power.  Hence,  the  gross  horse  power  employed 
to  raise  each  million  of  gallons  1  foot  high  is 
355 

g^Igg=-32  horses. 

The  Grand  Junction  Company  employed  a  power  of  690 
horses  to  raise  an  average  daily  quantity  of  3 '5  million  gallons 
218  feet  high. 

690 

Here3:5^2l8  =  '90llorses- 
The  Chelsea  Company  employed  221  horse  power  to  raise 
an  average  daily  quantity  of  nearly  4,000,000  gallons  to  a 
height  of  157  feet. 

221 

Hence  ^-^^  =  "35  horses. 

The  East  London  Company  employed  568  horse  power 
to  raise  an  average  daily  quantity  of  nearly  9,000,000  gallons 
to  a  height  of  107  feet. 

tt  508 

lience  g~^~i^yj  =  '59  horses. 

The  Lambeth  Company  employed  222  horse  power  to  raise 
an  average  daily  quantity  of  3,000,000  gallons  to  a  height  of 
14  G  feet. 

222 

Hence  =  '51  horses. 
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The  following  Table  expresses  a  summary  of  the  results 
which  have  been  stated  : — 

Horse  power  employed 

xt        „f  r^m„nnv  to  raise  1  million  giUs. 

Name  of  Company.  100  feet  high. 

Southwark  and  Vauxhall  

Chelsea   35 

Lambeth   51 

East  London  

on 

Grand  Junction  

Net  horse  power  required   21 

Gross  horse  power  according  to  the  formula  2  P    .  42 

15 

Gross  horse  power  according  to  the  formula  -g-  P  .  39 

It  appears  that  the  first  two  companies  on  the  list  have  little 
more  than  50  per  cent,  iu  excess  of  the  actual  net  power 
required  exclusive  of  friction.  They  each  have  less  than 
required  by  either  of  the  formulae  which  have  been  considered 
above,  and  are  certainly  not  obnoxious  to  the  charge  of  having 
too  much  surplus  power.  The  Lambeth  and  the  East  Lon- 
don have  each  more  surplus  power  than  would  probably  be 
adopted  for  the  works  of  provincial  towns,  but  probably  not 
more  than  is  judicious  to  provide  for  the  rapid  increase  of  the 
population  which  they  supply.  The  Grand  Junction  is  the 
only  company  which  appears  to  have  a  remarkable  surplus 
power. 

Looking  at  the  great  economy  with  which  engines  work 
when  loaded  below  their  full  power,  and  looking  also  to  the 
constant  and  rapid  increase  of  the  London  water  companies, 
it  is  questionable  whether  any  one  of  them,  except  the  Grand 
Junction,  could  be  said  to  have  an  extravagant  amount  of 
surplus  power.  Yet  we  find  an  Inspector  of  the  Board  of 
Health  charging  them  all  in  the  most  wholesale  manner  with 
reckless  and  extravagant  expenditure  of  this  kind ;  and  actu- 
ally attempting  to  make  out  that  the  London  water  companies 
in  the  aggregate  employ  4\  times  as  much  engine  powei  as 
is  necessary. 


FOR  RAISING  WATER. 


275 


I  shall  now  examine  a  few  instances  of  recent  works  of 
considerable  magnitude,  in  order  to  show  the  scale  on  which 
the  principal  engineers  of  the  day  have  proceeded  in  fixing 
the  amount  of  engine  power.  Here,  again,  the  case  of  the 
London  companies  first  presents  itself,  in  then-  recent  applica- 
tion to  Parliament  for  powers  to  change  the  site  of  their 
works,  and  take  the  water  from  the  Thames  above  the  reach 
of  the  tide. 

At  a  time  when  the  average  daily  supply  of  the  Chelsea 
Company  was  5,000,000  gallons  a  day,  Mr.  Simpson  pro- 
posed 600  horse  power  to  raise  the  water  165  feet  high  from 
Seething  Wells  to  a  reservoir  on  Putney  Heath. 

Hence  ■  ®®®  „  =-73  horse  power  for  each  million 
16ox5  r 

gallons  raised  1  foot  high. 

Mr.  Quick,  who  is  engineer  for  two  of  the  companies  at 

Hampton,  proposed  94  horse  power  for  the  Grand  Junction 

Works  to  raise  5,000,000  gallons  a  day,  over  a  stand-pipe 

46  feet  high. 

He  proposed  the  same  power  also  for  the  Southwark  and 
Yauxhall  Works,  in  which  8,000,000  gallons  a  day  have  to 
be  raised  40  feet  high;  and  for  the  West  Middlesex  Company, 
where  the  work  to  be  done  is  nearly  the  same  as  for  the 
Southwark  and  Vauxhall  Company,  he  seems,  according  to 
the  printed  evidence,  to  have  proposed  100  horse  power. 

Hence  the  following  co-efficients  : — 

94  .,  |  horse  power  for  each  million 

Grand  Junction  — —  =  -41  |    gaUons  raised  1  foot  high. 

Southwark  and  Vauxhall      ^4     =  "29  ditto 

West  Middlesex  j-^r=  "23  ditto, 
8  X  °4 
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ON  THE  MODE  OF  CALCULATING  THE  DIMENSIONS  OF 
ENGINES  REQUIRED  TO  PERFORM  A  GIVEN  AMOUNT 
OF  "WORK. 

This  method  of  calculation  is  far  preferable  to  that  which 
simply  determines  the  horse  power  of  an  engine,  and  leaves  it 
to  the  maker  or  contractor  to  furnish  an  engine  capable  of 
exerting  this  power  either  nominally  or  really.  The  calcula- 
tion of  engines  according  to  horse  power  has  led  to  so  many 
errors  and  is  capable  of  so  much  misinterpretation  that  it  will 
be  well  to  abolish  it  in  all  commercial  transactions  of  im- 
portance. 

The  principal  points  required  to  determine  the  dimensions 
and  capacity  of  a  pumping  engine  are  the  mean  effective  pres- 
sure of  steam  in  the  cylinder,  the  length  of  stroke,  the  number 
of  strokes  per  minute,  and  the  diameter  of  the  cylinder. 
Amongst  the  Cornish  engineers,  and  amongst  the  makers  of 
their  celebrated  engines,  the  former  particulars  are  so  well 
understood,  so  generally  settled  and  agreed  upon,  that  the 
diameter  of  the  cylinder  alone  represents  with  tolerable  accu- 
racy the  power  of  the  engine. 

It  seems  to  be  generally  agreed  amongst  the  Cornish  engi- 
neers, that  their  engines  may  be  made  to  work  with  a  maxi- 
mum effective  pressure  of  from  15  to  17  lbs.  per  square  inch 
of  the  piston,  and  with  a  velocity  of  200  to  240  feet  per 
minute ;  but  as  the  engines  are  commonly  single  acting,  only 
half  of  this  velocity  is  effective. 

For  example,  in  "Brown's  Engine  Reporter,"  iu  which  not 
less  than  24  single  pumping  engines  are  reported  every  month, 
the  following  data  are  assumed  with  respect  to  the  engines  :— 

Those  with  cylinders  under  30  inches  are  assumed  capable 
of  working  with  a  load  of  18  lbs.  on  each  square  inch  of  the 
piston.  Those  with  cylinders  from  30  to  45  inches  with  a 
load  of  17  lbs.  ;  between  45  and  60  inch  cylinders,  with  a  load 
of  16  lbs.;  and  above  60  inches  with  a  load  of  15  lbs.  In 
making  up  the  horse  power  the  pistons  of  all  single  acting 
engines  are  calculated  to  move  with  an  actual  velocity  of  220 
feet  per  minute,  or  an  effective  velocity  of  110  feet  per 
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minute.  Tables  2  to  5  in  the  Appendix  show  the  power  of 
Cornish  engines  calculated  on  these  data,  from  15  inches  up 
to  100  inches  diameter  of  cylinder. 

Most  of  the  Cornish  pumping  engines  are  single  acting ; 
but  the  double  acting  engines  used  in  Cornwall  for  raising 
the  kibbles  are  usually  calculated  to  work  under  a  load  of 
10  lbs.  per  square  inch,  and  the  piston  is  assumed  to  have 
an  actual  and  effective  velocity  of  250  feet  per  minute. 

Mr.   John  Darlington,  the  author   of  a  valuable  paper 
which  appeared  in  the  first  number  of  the  "  Engineering  Jour- 
nal," assumes  the  initial  pressure  of  steam  on  entering  the 
cylinder  of  the  Cornish  engines  at  30  lbs.  per  square  inch. 
He  assumes  it  to  be  cut  off  at  one-fourth  of  the  stroke,  and  to 
have  a  mean  pressure  of  1 7-8  lbs.  per  square  inch.    From  this 
he  deducts  one-fifth  for  friction,  and  takes  the  remaining 
14-24  lbs.  to  represent  the  effective  pressure  of  the  steam. 
He  assumes  the  same  effective  pressure  for  all  engines  from 
15  inch  cylinders  up  to  100  inches.    He  assumes  the  length 
of  stroke  to  be  8  feet  in  the  small  sized  engines  from  15  inch  up 
to  19  inch  cylinders,  and  to  be  12  feet  in  the  largest  size  from 
85  to  100  inch.    In  the  same  way  also  he  takes  the  effective 
velocity  (the  length  of  stroke  multiplied  by  the  number  of 
double  strokes  per  minute),  to  vary  from  112  to  96  feet  per 
minute,  the  smallest  size  having  the  highest  velocity,  and  the 
largest  having  the  lowest.     These  velocities  are  what  Mr. 
Darlington  terms  safe  rates  of  working,  but  in  his  table  he 
gives  another  column  showing  the  most  economical  rate  of 
working,  and  this  economical  rate  is  commonly  less  than  half 
of  that  which  is  assigned  as  the  safe  rate.    This  is  only  in 
accordance  with  well  -  established  facts — with  the  opinions 
also  of  all  practical  men,  and  is  borne  out  by  the  daily 
working  of  the  pumping  engines  in  Cornwall. 

In  proceeding  to  determine  the  dimensions  of  an  en- 
gine according  to  the  Cornish  method,  the  first  and  prin- 
cipal thing  necessary  is  to  produce  an  equation  between  the 
work  to  be  done  in  a  unit  of  time  and  the  power  of  the  engine 
in  that  same  unit.    Thus,  if  we  take  the  work  to  be  done  iu 
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lbs.  raised  one  foot  high  per  minute,  the  whole  pressure  of 
steam  on  the  piston  multiplied  by  the  effective  velocity  of  the 
piston  per  minute  must  be  equal  to  this  work. 

Putting  to  for  the  work  to  be  done  in  lbs.  raised  one  foot  high 
per  minute,  P  =  the  whole  pressure  of  steam  on  the  piston  in 
lbs   v  =  its  velocity  in  feet  per  minute,  then  must  w  =  P  v. 

It  will  be  most  convenient,  however,  to  subdivide  P  into 
the  two  factors  which  evidently  compose  it,  namely,  the  area 
of  the  piston  or  cylinder  and  the  pressure  p  per  square  inch. 
We  have  then  the  expression  10  =  apv. 

Engineers  adopt  different  modes  of  calculating  the  elements 
or  parts  of  this  equation.  «,  of  course,  is  a  determined  or 
given  quantity,  while  p  and  v  are  usually  assumed  at  what  are 
known  by  experience  to  be  reasonable  and  proper  _ 

Thus  if  w  be  the  whole  work  to  be  done  exclusive  of  fric- 
tion it  will  be  quite  safe  to  assume,  as  many  of  the  Cornish 
engineers  do,  that  p  may  be  14  or  15  lbs.  and  v  may  be  80 
or  85  Either  of  these  assumptions  will  enable  us  readily  to 
derive  a,  the  area  of  a  cylinder  which  will  do  the  required 

amount  of  work.  _  , 

SupposeaCornishengineerprescribes  an  engine  with  a  cylinder 

areata  to  perform  a  given  quantity  of  work  w,  we  know  im- 
mediately by  the  expression  2=j»  v  what  he  has  assumed  for 

the  effective  pressure  of  steam  multiplied  by  the  velocity  of 
the  piston.  We  know,  in  fact,  what  value  he  has  assumed 
forot,,  and  though  this  may  vary  slightly  among  different 
engineers,  there  is  still  a  very  fair  and  general  uniformity  of 
opinion  on  the  subject.  Some  may  put  p  a  little  higher  than 
others,  and  v  a  little  less,  but  the  product  p  v  is  usually 
about  the  same  among  the  different  Cornish  engineers. 

The  following  comparison  will  explain  tins  more  clearly  :— 
Three  celebrated  Cornish  engineers  were  requested  to  specify 
separately  the  kind  of  engine  they  would  recommend  to  per- 
form a  given  quantity  of  work.  They  were  Mr  Wi ham 
West  of  St.  Blazey,  Mr.  Samuel  Hocking  of  John  Street, 
Adelphi,  and  Messrs.  Harvey  and  Co.  of  Hayle  foundry. 


FOR   RAISING  WATER. 


279 


s  s 

to 

o 

CO 

O 

oS^  <« 

cc 

to 

to 

o 

O 

Z  3  *  ° 

oj 

CO 

o 

i-H 

CJ  1  o  u 

F-H 

1— * 

■ — ( 

r— ' 

=  S.i  .3 

la 

9 

°  *a  a 

CO 

CM 

CO 

o 

t>» 

CM 

CM 

■f 

to 

CTS 

CO 

lO 

lQ 

CN 

to 

CO 

<N 

1— ( 

1—) 

CO 

CM 

"5  —  ° 

O 

o 

m 

-* 

CO 

to 

00 

in 

CO 

CJ 

•2  2  »  & 
U'§  2  II 

CO 
CO 

CO 

CO 

o 
o 

o 

o 

to 

,b  r  c  h 

CO 

o 

CJ 

o* 

o 

in" 

tC 

I  ^ 

o 

o 

n  is  ra  4j 

EN 

■>] 

cQ 

cn 

tO 

as 
to 

1— 1 

cr> 

CJ      —  o 

CO 

CO 

to 

r— 1 

i— i 

CO 

CM 

Et  «J  e  **"* 

O  H 

'S  a 

"8  g 

CJ  U 

CO  — 

CO  — 

.2  3 

"3  O 

'5  o 

3  2 

«  o 

CS  O 

-a 

-a 

■ 

CO 

o 
c 

a  cm 

P3  r— I 

C  CM 

a  ^-1 

o 

o  a 

o 

|  a 

O  fl 

o 

-2  d 

o  c 

B  O 

"3 

to  — 

.2 

Q 

bp 

3 

5  J 

a  "rj 

.2  "3 

.2  "5 

.2  "2 

a 

a 

^  CJ 

'a  ^ 

"a 

S  ^ 

CO 

o 

a* 

o 

o 

He  O 

CO 

"(COD 

i— t  CO 

i— i  CO 

1— *  r— 1 

i-H  i-H 

• 

• 

to 

o 

to 
a 

O 

CJ 

a 
'to 

O 

r  i 

o 

*s 

3 
a 

•a 

a 

o 

o 

W 

a* 

CO 

> 

</> 

p 

o 

CJ 

a 

a 

f/3 

CJ 

a 

3 

CO 

to 

Name 

iA 
u 

to 
tn 

Q 

o 

CJ 

a 

s 

1 

<5 

280  PUMI'ING  MACHINERY 

It  appears  from  the  preceding  Table,  that  we  shall  follow 
the  practice  of  the  most  eminent  Cornish  engineers,  in  adopt- 
ing a  value  varying  from  850  to  1200  for  the  denominator 
W 

v  phi  the  expression  ~^~^—a- 

The  following  Table  shows  the  value  of  vp  in  the  actual 
work  of  the  15  pumping  engines,  for  which  particulars  are 
given  with  sufficient  detail  iu  "  Brown's  EngiDe  Reporter," 
for  1855. 
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*  The  velocities 
in  this  column 
are  the  average 
monthly  veloci- 
ties, and  are  not 
always  the  pro- 
duct of  the  two 
first  columns, 
because  the  ave- 
rage number  of 
strokes  is  only 
carried  to  one 
place  of  deci- 
mals. The  velo 
cities,  however, 
are  strictly  cor- 
rect. 

Average  duty  for 
the  year,  expressed 
in  millions  of  lbs. 
raised  1  foot  high 
by  consuming 
1  cwt.  of  coal. 

Value  of  v  p  or  con- 
tinued product  of 
number  of  strokes  per 
minute,  by  length  of 
stroke,  by  load  in  lbs. 
per  square  inch. 

r— < 

ccH^ioioociio^inciHirtiNO 

> 

< 

Load  per 
square  inch 
on  piston 

Velocity  of  pis- 
ton in  feet  per 
minute  or  value 
of  0.* 

Length  of 
stroke  in 
feet. 

.~oo^ooooco<x>ooo©oo 

'GlC^OOO^OlO^OOOCiOO'— ' 
V.  • — (  i— 1  . — t  (— 1         i—i  f— t  " — 1  < — 1  1— « 

si  s  2 

v  g  .g 

<  g|  a 

Name  of  Engine 
or  Mine. 

Boscundle    .  . 
Gt.  Dev.  Consols 
Fowey  Consols 
Great  Polgooth 
Ditto  .... 

1»  I  uL  V    -  V  I  1  Li  •    •  • 

Par  Consols  .  . 

Ditto  .... 
Pembroke    .  . 

Ditto  .... 
South  Caradon 

Ditto  .... 
Trelawny  .  .  . 
West  Fowey  . 
Wheal  Uny  .  . 

d 
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It  is  worthy  of  observation,  that  this  Table  of  actual  per- 
formance does  not  bear  out  the  idea,  that  the  most  duty  is 
invariably  performed  by  engines,  which  work  at  the  lowest 
rate  of  speed,  and  with  the  smallest  pressure.  Of  those  en- 
gines in  which  v  p  is  below  the  average,  only  one  reaches  a 
duty  of  77  millions  ;  while  in  Nos.  6,  1 1,  and  12,  in  which  v  p 
is  very  small,  the  duty  is  also  lower  than  in  any  of  the  other 
engines.  In  those  engines  where  the  duty  is  highest,  as  in 
No.  3,  No.  4,  and  No.  7,  which  are  all  80  inch  cylinder  en- 
gines/the respective  values  of  vp  are  934,  1115,  and  779,  or 
considerably  above  the  average.* 

Taking  into  consideration  the  practice  of  the  most  eminent 
Cornish  engineers,  in  connection  with  the  results  exhibited  in 
this  Table,  I  venture  to  propose  the  value  w  />=  1000  as  a 
constant,  in  estimating  the  size  of  the  cylinder  for  large  Cor- 
nish engines  to  be  used  in  waterworks.  We  shall  then  have 
the  very  simple  expression 

YQQQ=a> tne  area  of  the  cylmder- 

For  example,  let  it  be  required  to  find  the  diameter  of 
cylinder  which  a  Cornish  engine  should  have  to  raise  3,500,000 

gallons  120  feet  high  in  24  hours. 
&  rbs.  raised  1  foot 

high  per  minute. 

Ty,on  2,916,667  —  2Q]7  area  of  cylinder 

1000  „  ,        ,.  , 

in  inchcs=61  inches  nearly  for  the  diameter  ot  the  cylinder. 

*  In  the  preceding  table  it  should  be  observed  that  the  value  of  p  is 
derived,  not  from  the  actual  pressure  of  steam  on  the  piston,  but  from  the 
actual  water  load  divided  by  the  area  of  the  piston.  It  follows  that  the 
actual  pressure  of  steam  must  be  somewhat  more  that,  this,  because  it  has 
to  overcome  all  the  friction  of  the  pumps  and  parts  of  the  engine,  besides 
raising  the  actual  water  load.  If,  in  order  to  compare  the  value  of  vp  as 
determined  front  actual  working  with  that  assumed  in  calculations  o 
power,  we  add  to  vp  in  the  table  *  of  its  amount  for  friction,  we  shall 
find  the  agreement  remarkably  close. 
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We  Lave  seen  that  various  Cornish  engineers  assume  dif 
ferent  values  for  v  p.  Thus,  Mr.  "West  appears  to  assume 
about  926;  Mr.  Hocking  1113;  and  Messrs.  Harvey  1140. 
According  to  the  practice  of  calculation  followed  by  each  of 
these,  the  engine  to  do  the  above  work  would  be  determined 
thus — 

Area  of  Diameter  of  cylinder 

cylinder.  in  inches. 

„   „   „Tr   .       2,916,667  „.,„ 

By  Mr.  West  —f^rc —    =       3150       =  b3* 


Mr.  W.  Hocking  2-^'|^  =  2621  =  573 
Messrs.  Harvey    2 '^V*,'!!^    =       2558       =  57 


In  the  Appendix  (Table  6)  will  be  found  Mr.  Darlington's 
Table  of  horse  power,  which  has  been  before  alluded  to.  The 
pressure  of  steam  which  he  assumes,  corresponding  with  that 
which  we  have  used  in  speaking  of  the  actual  working  of  Cor- 
nish engines,  is  14-24ibs.  per  square  inch.  The  Table  is 
valuable,  because  it  shows  in  a  very  simple  manner  the  pro- 
portion between  the  horse  power  at  safe  working  speed,  and 
at  the  economical  rate  of  working. 

Mr.  Darlington's  value  for  p  being  constant,  namely  14-24, 
that  of  v  is  variable,  being  80  feet  per  minute  for  the  smaller 
sized  engines,  and  increasing  up  to  96  for  those  of  the  largest 
size. 

Taking  a  velocity  of  80  feet  for  engines  up  to  60  inch  cylin- 
der, Mr.  Darlington's  value  for  vp  would  be  14*24  X  80  =  1 139. 
Taking  a  velocity  of  84  feet  for  engines  from  60  to  70  inches, 
the  value  of  v  p  would  be  14-24  X  84  =  1 196.  Taking  a  velo- 
city of  88  feet  for  engines  between  70  and  80  inches,  the  value 
of  v  p  would  be  14-24x88=1253.  Taking  a  velocity  of 
92  feet  for  engines  between  80  and  85  inches,  the  value  of  vp 
would  be  14-24  X  92  =  1310.  Finally,  taking  a  velocity  of  96 
feet  per  minute  for  engines  with  cylinders  between  85  and  100 
inches,  the  value  of  v p  would  14*24  x  96  =  1367. 

These  latter  values  appear  to  be  greater  than  those  which 
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obtain  in  practice,  and  are  not  in  accordance  with  those  of 
other  engineers.  It  will  readily  he  seen,  that  in  adopting  Mr. 
Darlington's  values,  we  should  fix  an  engine  of  smaller  size 
than  by  using  any  of  the  constants  before  given.  On  the 
whole,  there  appears  no  reason  to  vary  the  opinion  already 
expressed  in  favour  of  the  expression 
W 

105Q=area  of  cylinder. 


STEAM  WORKED  EXPANSIVELY. 

"When  steam  is  admitted  throughout  the  whole  of  the  stroke, 
its  efficiency  is  of  course  equal  to  that  of  the  uniform  pres- 
sure or  unity.    When  cut  off  at  any  part  of  the  stroke  as  - 

its  efficiency  is  equal  to  1  X  Hyp.  Log.  n.  Hence  the  follow- 
ing table,  showing  the  efficiency  of  steam  at  different  degrees 
of  expansion : — 

Steam*  admitted  throughout  the  stroke  T000 

cut  off  at  f    ....  1-287 

.  1-405 

.  1-693 

,  2-099 

.  2-386 

.  2-609 

.  2-792 

.  2-946 

.  3.079 

.  3.197 

.  3303 


Now,  if  steam  be  admitted  with  any  given  pressure  p,  and 
be  cut  off  at  the  wth  part  of  the  stroke,  it  will  have  an  equiva- 
lent pressure  throughout  the  whole  stroke  =  p  X  i  X 
1  +  Hyp.  Log.  n.    Suppose  steam  of  35  lbs.  pressure  cut  off 

*  The  greater  part  of  this  scale  is  taken  from  Lean's  Historical  State, 
ment  of  the  Steam  Engines  in  Cornwall,  a  work  which  has  hcen  beforo 
referred  to. 
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35 

at  |  part  of  the  stroke.    Then  we  have  J-  x  2-946  =  147 

for  the  mean  effective  pressure  throughout  the  stroke. 

The  pumping  engines  used  in  the  American  waterworks  are 
usually  double  acting  engines,  and  they  are  commonly  calcu- 
lated to  work  with  an  effective  mean  pressure  of  about  14  lbs. 
per  square  inch.  Thus,  in  several  engines  designed  by  Mr. 
McAlpine  for  Brooklyn,  Albany,  Chicago,  and  other  works,  the 
pressure  of  the  steam  is  thus  estimated — 

Its.  per  square  inch. 

Pressure  in  boiler   30 

Do.     when  admitted  to  cylinder       ...  20 

This  being  cut  off  at  J  of  the  stroke,  we  have  (by  Table  in  page 

284)  —  x  2-386  =  11-93  lbs.  per  square  inch  for  the  mean 
4 

pressure  on  the  piston  throughout  the  stroke. 

To  this  must  be  added,  say,  9'5  lbs.  per  square  inch  for  the 
additional  pressure  due  to  the  vacuum  produced  by  condensa- 
tion. From  the  total  pressure  so  derived  the  American  engi- 
neers deduct  one-fifth  the  initial  pressure  of  the  steam,  or 
4  lbs.  per  square  inch  for  the  friction  of  the  engine,  and  one- 
half  this  quantity,  or  2  lbs.  per  square  inch,  for  the  friction  of 
the  air-pump  piston.  Hence  the  effective  pressure  will  be 
derived  as  follows  : — 

tbs.  per  square  inch. 
Mean  pressure  of  steam  at  20rt>s.  per  inch,  cut  off  at 

}  of  the  stroke  ......  H'93 

Addition  for  vacuum     ......  9'5 

20  21-43 
Less  for  friction  of  engine      —  -  4 

air-pump  2  6- 


Mean  effective  pressure     ...  •  15-43 

or  nearly  15^  lbs.  per  square  inch. 

This  mean  effective  pressure  is  then  to  be  multiplied  by  the 
effective -velocity  of  the  piston,  which,  in  the  double  acting  en- 
gines, is  frequently  as  much  as  300  feet  per  minute,  and  from 


286 


PUMPING  MACHINERY 


this  is  deducted  the  actual  resistance  of  the  air-pump,  which  is 
obtained  by  multiplying  the  area  of  the  air-pump  by  9-5,  the 
vacuum  pressure  as  before,  and  by  the  velocity  of  the  air-pump 
piston.  This  last  deduction  reduces  the  actual  effective  pres- 
sure to  about  14  lbs.  per  square  inch,  which  is  a  pressure  com- 
monly assumed  by  the  American  engineers  in  their  calculations. 

The  mode  of  calculation  will,  perhaps,  be  better  understood 
oy  putting  the  equation  into  the  algebraical  form  given  by 
Haswell : — 

Let  P  be  the  mean  effective  pressure  on  the  whole  area  of 
the  piston,  due  to  the  expansive  action  of  the  steam 
usually  assumed  at  12  lbs.  per  inch. 
v  =  pressure  on  the  whole  area  of  piston  due  to  the  va- 
cuum produced  by  condensation  usually  assumed 
at  9-5  lbs.  per  square  inch. 
f=  pressure  on  the  whole  area  of  piston  necessary  to 
overcome  the  friction  of  the  engine  usually  =  4 
lbs.  per  inch. 

m  =  pressure  on  the  whole  area  of  piston  necessary  to 

overcome  the  friction  of  the  air-pump  usually  = 

2  lbs.  per  square  inch. 
8  =  velocity  of  steam  cylinder  piston,  usually  from  240  to 

300  feet  per  minute  for  double  acting  engines. 
n  —  velocity  of  air-pump  piston,  usually  assumed  at  80  to 

100  feet  per  minute. 
b  =  resistance  of  the  vacuum  against  the  air-pump  piston 

=  area  of  air-pump  piston  X  9-5. 
W  =  weight  in  lbs.  lifted  one  foot  high  per  minute,  then 

S  (P  +  v)  (/  +  m)  -  n  b=W. 

Examples. — The  condensing  engine  proposed  for  Chicago 
waterworks  has  the  following  dimensions. 

Diameter  of  steam  cylinder,  4G  inches. 
Lengt h  of  stroke,  9  feet. 

Effective  velocity  of  piston,  S  =  2  1 0  feet  per  minute. 

Pressure  of  steam  on  entering  cylinder,  20  lt>s.  per  square  inch. 

Steam  cut  ott"  at  }  of  stroke. 


FOR  RAISING  WATER. 


287 


Pressure  due  to  vacuum  v  =  9-5  lbs.  per  square  inch. 
Diameter  of  air-pump,  34  inches. 
Also  value  of/  =  4  its.  per  square  inch. 
„        m  —  2  Its.  per  square  inch. 
„         n  =  80  feet  per  minute. 
Then  S=  240 

P=1662  x  12  =  19944 
»=1662  X  9-5=  15789 


35  7?,  3 

Also  /=  1662  x  4  =  6648 
m    -  1662  X  2  =  3324 


on  piston. 


9972 

25761  Total  pressure  acting 
Then  25761  x  240  =  6,182,640  lbs. 


Less  area  of  air-pump 

34  in.  =  907-92  X  80  X  9-5  690,019 


5,492,621 


The  work  to  he  done  by  this  engine  is  equivalent  to  raising 
r.hree   million   gallons   90   feet  high   in   twelve   hours  = 

3,000,000  X  90  =  3)750j00o  lbs.  raised  1  foot  high  per 
72 

minute.  To  this  Mr.  McAlpine  adds  one-fifth  for  the  friction 
of  the  pumps  and  machinery,  making  A\  millions  of  pounds. 
The  friction  of  the  water  in  passing  through  the  pumping 
main  will  increase  the  duty  on  the  engine  to  5^  million  pounds, 
raised  1  foot  high  per  minute.    Now,  a  single  acting  Cornish 

W 

engine,  according  to  the  formula  ^  =  a,  must  have  a  cylin- 
der equal  in  area  toJ^50'000  =  5250  =  a  diameter  of  82 

1  1000 
inches.    "We  have  seen  that  the  American  engineers  adopt  a 
double  acting  engine,  with  a  46-inch  cylinder,  having  an  area 
of  only  1662  inches,  or  less  than  \  that  of  the  single  acting 
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At  the  Albany  works  the  engine  is  required  to  raise  in  12 
hours  2  million  New  York  gallons  (of  8  lbs.  each)  to  a  height 
of  156  feet,  and  1  million  gallons  to  a  height  of  238  feet. 
Hence  W=  6,111,111 
To  this  add  for  friction  in  main      .       .       .  733,270 
Also  J-  for  friction  of  pumps  and  machinery    .  1,222,222 

8,066,603  lbs. 

to  he  raised  one  foot  high  per  minute. 

For  this  Mr.  Mc  Alpine  proposes  a  steam  cylinder  of  58 
inches  and  12  feet  stroke,  the  piston  making  10  strokes  per 
minute,  and  having  an  effective  velocity  of  240  feet  per 
minute. 

The  assumed  pressure  of  steam,  the  vacuum,  &c,  being 
the  same  as  in  the  Chicago  engine,  the  power  calculated 
by  the  same  formula  S  (P  +  v) — (/  +  m) — nb  is  equal  to 
8,667,600  lbs. 

Now  to  do  this  work,  a  single  acting  Cornish  engine,  com- 
puted as  before,  would  require  a  cylinder  with  an  area  =  S6G7 
inches  =  a  diameter  of  105  inches,  or  considerably  more  than 
3  times  the  area  adopted  for  the  American  engine. 

In  the  Brooklyn  works  the  duty  required  is  much  greater 
than  in  either  of  the  preceding,  being  equal  to  the  elevation  of 
5  million  gallons  in  12  hours,  through  a  main  6,000  feet  long 
and  30  inches  diameter,  to  a  height  of  190  feet.  This  duty, 
including  the  friction  of  the  machinery,  and  that  of  the  water 
passing  through  the  rising  main,  is  equal  to  1 7  millions  of 
pounds,  raised  one  foot  high  per  minute,  or  about  515  horse 
power. 

To  effect  this  work  Mr.  Mc  Alpine  proposes  an  engine  witr 
a  steam  cylinder  of  72  inches  diameter,  and  12  feet  stroke, 
working  steam  at  20  lbs.  pressure,  to  be  cut  off  as  in  the  othe: 
cases  at  \  of  the  stroke.  The  effective  velocity  of  the  piston  or 
value  of  S  in  Haswell's  equation,  is  here  288  feet  per  minute. 
The  diameter  of  (he  air-pump  is  48  inches, and  the  velocity  of  the 
air-pump  piston  is  96  feet  per  minute,  all  the  other  values  being 
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the  same  as  those  which  are  described  for  the  Chicago 
engine.  The  power  of  this  72  inch  cylinder  engine,  when 
computed  by  the  formula  S  (p  +  v)—(f~+m)  —  nb,  is  equal 
to  16,524,912  lbs.  raised  one  foot  high  per  minute. 

Now,  if  this  work  were  to  be  done  by  Cornish  single  acting 
engines,  it  would  require  2  engines,  each  with  cylinders  ex- 
ceeding 100  inches  in  diameter,  whereas  the  American  engi- 
neer proposes  only  one  engine  of  72  inches. 

We  have  seen,  that  in  the  practice  of  the  most  eminent 
Cornish  engineers,  the  value  of  vp,  or  the  product  of  effective 
velocity  of  piston  by  mean  pressure  of  steam,  is  equal  to  1,000. 
If  the  American  engines  were  simply  double  acting,  all  other 
things  remaining  the  same,  the  value  of  vp  would  of  course 
be  double,  or  2,000.  This,  however,  is  not  so,  because  the 
actual  velocity  of  the  piston  is  considerably  greater. 

If  we  take  in  each  case  the  value  of  Wor  work  to  be  done  in 
one  minute,  and  divide  it  by  the  area  assumed  for  the  cylinders 
of  the  American  engines,  we  shall  have  the  value  of  vp  for 
the  purpose  of  comparison  with  the  single  acting  Cornish 
engines. 

m,       .  ™  ■  5,250,000 

Thus  at  Chicago  :         —  3  1 59 

1,662  '  y 

,  A11           8,066,603  nn„n 
,,   at  Albany      —  !  =  3  053 

2,642 

•  t,  17,000,000 

,,   at  Brooklyn   4.174 

y      4,071.5  '  ' 

Thus  the  value  of  vp  being  in  the  American  engines  from  3 
to  4  times  as  great  as  in  the  Cornish  single  acting  engines, 
and  the  area  of  the  cylinder  requiring  to  be  inversely  as  v p, 
it  follows  that  the  American  double  acting  engines  require 
cylinders  only  one-third  or  one-fourth  the  area  of  the  single 
acting  engines. 

The  mode  in  which  the  American  engineers  provide  for  the 
auxiliary  or  surplus  power  has  been  already  alluded  to.  Tho 
double  acting  condensing  engine  is  designed  with  sufficient 
power  to  do  the  whole  work  in  12  hours,  and  in  addition,  a 
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high  pressure  non-condensing  engine  is  erected,  capable  of 
doing  the  whole  work  in  24  hours,  and  sometimes  in  20 
hours. 

In  order  to  make  the  comparison  complete  between  the 
American  system  and  our  own,  I  shall  briefly  notice  the  non- 
condensing  engines  proposed  in  the  three  works  which  have 
been  taken  as  examples,  namely  those  of  Chicago,  Albany, 
and  Brooklyn. 

The  work  to  he  done  by  the  non-condensing  engine  at 
Chicago  is  that  of  raising  3  million  gallons  90  feet  high  in 
24  hours.  When  the  friction  of  the  pumps  and  machinery 
is  added  to  this,  and  also  the  friction  of  the  water  passing 
through  the  pumping  main,  the  work  to  be  done  is  equivalent 
to  raising  2,600,000  lbs.  one  foot  high  per  minute,  or  ¥  = 
2,600,000. 

To  effect  this,  an  engine  is  proposed  with  au  18-inch  cylin- 
der and  6  feet  stroke,  with  a  piston  travelling  2-10  feet  per 
minute,  using  steam  at  80  lbs.  pressure  per  square  inch  at  the 
cylinder,  and  cut  off  at  one-fourth  of  the  stroke. 

According  to  the  tahle  at  page  284,  the  mean  effective 

80 

pressure  or  value  of^j  will  he  — —  X  2'3S6  =  4 7" 7  lbs.  per 

square  inch. 

The  value  of  P  will  be  254x47*7=12116. 
Then  12116  X  240— v  P  the  whole  power=2,907,840  lbs.,  or 
about  300,000  lbs.  in  excess  of  the  power  actually  required. 

At  Albany  the  work  to  be  done  is  equivalent  to  raising 
1,600,000  imperial  gallons  150  feet  high,  and  800,000  gallons 
238  feot  high  in  20  hours  ; 

Then  1.600.000X156.  =  2,080,000 
120 

And  8Q0'00QX238  =  1,586,667 
120  J  1_ 

W  =  3,666,667 
To  this  is  added  the  same  amount 
rnr  friction  of  water  in  mains,  in 
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pumps,  machinery,  &c,  as  for  the 

condensing  engine,  namely    .    .    .  1,955,492 

Total  5,622,159  lbs.  raised  one 

foot  high  per  minute. 

The  engine  proposed  for  this  has  a  steam  cylinder  of  24 
inches'  diameter  and  6  feet  stroke,  making  20  strokes  per 
minute,  and  working  steam  of  70  lbs.  pressure  to  be  cut  off  at 
f-  stroke. 

Here  v  =  240 
a  =  452 

p  =  70  x  £  x  1-287  =  67-57  lbs.  for  the  effective  mean 
pressure. 

Then  67-57  X  452  X  240  =  7,329,994  lbs.  raised  one  foot 
high  per  minute  for  the  power  of  the  engine,  which  is  consi- 
derably in  excess  of  the  power  actually  required. 

At  Brooklyn,  where  the  work  to  be  performed  by  the  non- 
condensing  auxiliary   engine  is  equal  to  raising  5  million 
gallons  90  feet  high  in  24  hours,  the  power  required,  includ- 
ing the  friction  of  machinery  and  the  friction  of  the  water 
passing  through  the  mains,  is  equal  to  8,067,476  lbs.  raised 
one  foot  high  per  minute.    For  this  work  an  engine  is  pro- 
posed with  a  30  inch  cylinder  and  6  feet  stroke,  using  steam  of 
80  lbs.  pressure  at  the  piston,  with  an  average  effective  pressure 
of  48  lbs.  and  an  effective  velocity  of  piston  =  240  feet  per 
minute.    Hence  the  power  of  the  engine  will  be 
Area  of  Pressure 
Cylinder.        per  inch.  Velocity. 
706-86     X     48     X     240  =  8,143,027  lbs. 


The  following  table  gives  at  one  view  the  particulars  re- 
lating to  the  American  non-condensing  engines  which  have 
been  noticed  in  the  preceding  pages  : — 


Name  of 
Work. 

Diam 
ofCy- 
linder 
ins. 

Velocity  of 
piston  in  feet 
per  minute. 

Pressure  of 
Steam  at 
Piston,  lbs. 

Part  of  Stroke 

at  which 
Steam  is  cut 
off. 

Average 
pressure 

of 
Steam. 

Value  of 
vp. 

Chicago 

Albany 

Brooklyn 

18 
24 
30 

240 
240 
240 

80 
70 
80 

i 

48 

67G 

48 

11520 
16221 
1  1520 
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The  Chicago  and  Brooklyn  are  more  recent  works  than  the 
Albany,  and  may  he  taken  to  represent  the  most  modern  prac- 
tice amongst  the  American  engineers. 

ON  THE   COST  OF  ENGINES  FOR  PUMPING  PURPOSES. 

This  is  often  estimated  at  a  price  per  horse  power  of  actual 
work  to  he  performed,  but  the  practice  has  been  productive 
of  serious  errors  and  misunderstandings. 

Engineers  have  been  heard  gravely  calculating  the  net  horse 
power,  at  £50  per  horse  for  condensing  engines,  a  sum  which 
is  far  too  low,  and  which  in  reality  represents  about  the  value 
of  each  horse  power  of  the  gross  instead  of  the  net  amount. 

The  following  table  presents  some  examples  of  the  cost  of 
engines  according  to  horse  power  of  actual  work  to  be  per- 
formed. The  unit  of  work  assumed  here  is  the  usual  one, 
commonly  called  Watt's  standard,  namely  33,000  lbs.  raised 
one  foot  high  per  minute  =  1  horse  power.  The  last  column 
contains  the  cost  per  net  horse  power  reduced  to  this  stand- 
ard. The  price  of  the  engine  in  each  case  includes  the  boilers 
and  pumps,  and  where  no  note  occurs  to  the  contrary,  it  also 
includes  the  erection  of  engine-house,  boiler-house,  and  all 
necessary  masons'  and  bricklayers'  work. 
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The  statement  of  work  to  be  done  by  the  American  engines 
is  in  each  case  somewhat  understated,  as  it  is  derived  from 
the  actual  height  to  which  the  water  is  to  be  lifted  without 
any  addition  for  friction  through  the  pumping  main. 

It  follows  that  the  price  per  horse  power  is  in  each  case 
somewhat  higher  than  it  would  be  if  based  upon  the  full 
amount  of  work  including  this  friction,  as  in  the  estimates 
cpioted  from  the  Cornish  engineers.  Notwithstanding  this, 
however,  the  American  estimate  is  in  every  instance  consider- 
ably below  the  price  of  single  acting  Cornish  engines. 

The  highest  American  estimate  is  that  for  the  Chicago 
works,  where  the  horse  power  is  1 35  horses,  and  where  the  cost 
of  entire  engine  power,  including  duplicate  engine,  land,  and 
buildings,  is  only  £83  per  horse  power. 

For  other  works,  the  cost  per  horse  power  appears  to  dimi- 
nish nearly  as  the  magnitude  of  the  work  increases,  till  we 
have  for  the  large  pumping  power  at  Brooklyn,  only  from  .=£33 
to  .=635  per  horse  power. 

This  great  difference  of  price,  as  against  the  single  acting 
Cornish  engines  (see  first  part  of  the  Table),  is  in  some  mea- 
sure due  to  the  engines  being  made  double  acting,  and  thus 
requiring  much  smaller  cylinders,  and  a  proportionate  reduction 
of  other  parts  ;  and  also,  in  some  measure,  to  the  use  of  the 
non-condensing  engines  as  auxiliary  power.  We  feel  bound 
also  to  call  attention  to  the  fact,  that  Messrs.  Hawthorn's 
double  acting  expansive  engines  will  bear  comparison  even  with 
the  cheapest  of  the  American. 

Experiments  and  recorded  observations  are  still  required 
as  to  the  working  and  actual  duty  of  these  double  acting  ex- 
pansive engines.  Their  first  cost  is  certainly  much  less  than 
that  of  the  single  acting  Cornish  engines;  and  unless  they  are 
more  expensive  to  work— in  other  words,  unless  they  perform 
less  duty— they  ought  to  be  preferred  to  (ho  single  acting 
engine.  The  Table  here  given,  and  the  remarks  here  made, 
are  not  ventured  as  conclusive  or  satisfactory  even  to  the  mind 
of  the  author;  but  are  merely  given  to  draw  attention  to  a 
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subject  of  great  importance,  and  one  which  is  daily  becoming 
of  more  moment  with  reference  to  the  supply  of  towns  having 
moderate  command  of  capital.  In  new  waterworks  it  should 
of  course  be  the  aim  of  the  engineer  to  effect  as  much  as  pos- 
sible with  the  means  at  his  disposal.  It  is  dangerous  to  be 
led  away  by  theories  in  favour  of  any  particular  kind  of  en- 
gine ;  but  the  whole  subject,  on  the  other  hand,  requires  the 
exercise  of  calm  and  deliberate  judgment,  based  on  the  most 
accurate  information  which  can  be  procured. 

As  an  example  of  large  double  acting  pumping  engines  in 
this  country,  a  specification  is  given  in  the  Appendix,  of  the 
engines  now  being  erected  by  Messrs.  Boulton  and  Watt,  for 
the  South  Staffordshire  Works,  under  the  direction  of  Messrs. 
M'Clean  and  Stileman,  of  London,  and  Messrs.  Marten,  of 
Wolverhampton,  Civil  Engineers. 

Opinions  are  much  divided,  as  to  the  comparative  merits  of 
beam  and  direct  acting  engines  for  pumping  purposes.  The 
single  acting  Bull  engine,  with  the  top  of  the  cylinder  closed, 
the  piston-rod  working  through  a  stuffing-box  in  the  bottom, 
and  the  steam  admitted  also  at  the  bottom,  was  intro- 
duced many  years  ago  in  Cornwall,  and  several  engines  on 
this  plan  have  been  erected  for  American  waterworks,  and 
more  recently  by  three  of  the  London  companies  for  their 
new  works  at  Hampton.  The  advocates  of  the  direct  acting 
engine  contend  that,  the  cylinder  being  placed  immediately 
over  the  pumping  well,  and  the  piston-rod  being  in  fact  also 
the  pump  rod,  there  is  much  less  friction  than  in  the  beam 
engine.  Mr.  Marten,  who  has  under  his  management  both 
kinds  of  engines,  gives  a  preference  to  that  with  a  beam.  He 
observes  that,  as  a  rule,  direct  acting  engines  when  working 
under  a  high  initial  pressure  are  apt  to  start  off  at  a  speed 
which  jars  and  strains  the  whole  of  the  machinery  through- 
out. 

"The  speed  attained  by  the  piston  as  driven  indoors  at 
the  beginning  of  the  stroke,  is  many  times  greater  than  the 
average  velocity  per  minute  ;  and  consequently  unless  all  the 
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parts  are  made  extra  strong  in  proportion,  the  bearings  wear 
out  with  great  rapidity,  and  the  machinery  is  soon  loose  at 
every  joint.  In  a  beam  engine,  on  the  other  hand,  a  very 
large  proportion  of  the  initial  force  is  absorbed  in  overcoming 
the  inertia  of  the  heavy  beam,  which  thus  becomes  a  reservoir 
of  surplus  force  in  the  earlier  portion  of  the  stroke,  to  be 
given  out  during  the  latter ;  and  the  result  is,  that  a  compa- 
ratively steady  velocity  is  maintained  throughout  the  stroke, 
much  to  the  advantage  of  the  whole  of  the  machinery ;  in- 
deed it  is  only  with  this  adjunct  that  expansion  can  be  car- 
ried safely  to  a  very  high  degree.  The  beam  in  fact  is  a 
reciprocating  fly-wheel,  and  is  attended  with  precisely  the 
same  action  and  the  same  beneficial  results.  The  writer  is 
acquainted  with  a  case  of  two  large  expansive  engines  of 
nearly  the  same  size  working  near  together,  one  of  which  has 
an  open  network  beam  of  about  30  tons,  and  the  other  a 
strong  heavy  beam  of  45  tons'  weight.  The  difference  in  the 
working  of  the  two  engines  is  very  perceptible,  and  nearly  5 
million  pounds  duty  in  favour  of  the  heavy  beam.  In  many 
cases  where  a  jar  is  perceived  in  pumping  engines  working 
with  a  high  expansion,  it  may  be  cured  by  increasing  the 
weieht  or  inertia  of  the  beam."* 

For  pumping  a  large  quantity  of  water  through  a  great 
length  of  main  pipe,  under  a  heavy  pressure,  Mr.  Marten's 
experience  has  led  him  to  prefer  the  double  acting  beam  en- 
gine erected  in  duplicate,  the  two  engines  being  coupled  toge- 
ther at  right  angles  to  one  large  fly-wheel.  Such  is  the  style 
and  combination  of  pumping  engine  adopted  by  Mr.  Marten, 
in  conjunction  with  Mr.  M'Clean,  for  the  South  Staffordshire 
Works.    Sec  specification  of  these  engines  in  the  Appendix. 

DOUBLE   CYLINDER  ENGINES. 

Ever  since  the  double  cylinder  engine  was  first  introduced 
by  Woolf,  this  form  has  been  in  favour  with  some  engineers. 
These  are  not  much  used  in  waterworks,  but  there  are  many 

*  From  Marten's  Paper  on  Pumping  Engines  already  referred  to. 
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combined  cylinder  engines  on  Simms'  principle  in  the  Cornish 
mines.  The  French  use  extensively  double  cylinder  engines, 
and  contend  that  they  obtain  by  their  m:;ans  a  more  useful 
and  economical  effect  from  the  expansion  of  the  steam.  The 
monster  pumping  engines,  with  144  inch  cylinders,  erected  for 
draining  the  Haarlem  Mere,  from  the  designs  of  Mr.  Gibbs  and 
Mr.  Dean,  have  double  cylinders,  one  within  the  other,  the 
outer  being  fitted  with  an  annular  piston.  Mr.  Marten,  while 
admitting  the  advantages  of  double  cylinder  engines  in  some 
cases,  where  uniformity  of  power  throughout  the  stroke  is  a 
desideratum,  yet  for  large  pumping  engines  prefers  single  cylin- 
der double  action  engines.  He  remarks  that  the  arrangements 
with  a  double  cylinder  are  much  more  complicated,  and  he  finds 
that  all  useful  degrees  of  expansion  can  be  carried  on  sufficiently 
with  a  single  cylinder. 

PUMPING   INTO  A  MAIN. 

Where  more  than  one  pump  is  used  there  is  often  only  on3 
air-vessel.  Mr.  Marten,  however,  recommends  a  separate  air 
vessel  and  back  flap  valve  to  each  pump,  also  a  blow-off  valve 
loaded  with  a  certain  weight,  so  that  in  case  of  any  recoil  in  a 
great  length  of  main  the  pumps  would  not  be  burst. 

In  the  main  pipe,  when  the  pumping  lift  is  considerable, 
he  recommends  the  insertion  of  a  back  flap  valve  at  every  50 
feet  of  elevation  above  the  pumps,  so  that  in  case  of  any  pipe 
bursting,  the  whole  main  shall  not  be  run  dry. 

The  leading  point  to  be  kept  in  view  in  the  design  and 
construction  of  engines  under  these  circumstances  is  the  main- 
tenance of  a  constantly  uniform  flow  of  water  through  the  main 
pipe  from  the  pumps.  This  is  provided  for  by  the  compound 
double  acting  pumps,  by  large  air-vessel  accommodation,  and 
by  the  coupling  of  the  engines  at  right  angles. 

PUMPING   INTO   A  RESERVOIR. 

At  Wolverhampton,  the  reservoirs  are  prevented  from  being 
overfilled  by  a  self-acting  check  valve,  which  shuts  against  any 
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supply  beyond  a  certain  limit,  so  that  the  man.  working  his 
engine  at  a  distance  knows  when  his  work  is  done.  The  valve 
is  so  arranged,  that  immediately  the  engine  ceases  to  work  the 
supply  to  the  town  is  maintained  from  the  reservoir  through 
flap  valves,  underneath  the  self-acting  stop-valve,  opening  im- 
mediately as  soon  as  a  supply  is  required  for  the  town.* 

STAND  PIPES. 

These  appear  to  he  an  unnecessary  addition  to  the  expense 
of  a  pumping  establishment.  They  were  first  introduced,  not 
so  much  to  give  the  required  pressure  in  the  main  pipes  sup- 
plying a  town,  as  to  equalize  the  weight  on  the  engine,  and 
cause  it  to  pump  always  against  a  uniform  load.  An  air- 
vessel  however  costs  only  about  one-tenth  as  much  as  a  stand 
pipe,  and  is  thought  by  some  engineers  to  answer  the  purpose 
equally  well. 

The  Tettenhall  engine,  at  the  Wolverhampton  works,  pumps 
from  a  well  140  feet  deep,  over  a  stand  pipe  180  feet  high, 
making  a  total  lift  of  320  feet.  At  the  time  the  stand  pipe  was 
erected  the  Company  had  no  summit  reservoir,  and  the  stand 
pipe  was  thought  necessary  to  give  the  pressure  in  the  mains. 

Mr.  Marten,  the  engineer  of  the  works,  in  his  recent  paper 
read  before  the  Institution  of  Mechanical  Engineers,  appears  to 
be  of  opinion  that  the  stand  pipe  was  unnecessary.  He  ob- 
serves, that  all  the  requisite  safety  can  be  secured  by  pumping 
into  an  air-vessel  with  a  check  valve  on  the  delivery  side,  so 
that  in  case  of  a  pipe  bursting,  or  any  sudden  diminution  of 
pressure  taking  place,  it  would  be  impossible  for  the  engine  to 
"go  out-of-doors"  at  more  than  a  certain  regulated  speed. 
Mr.  Marten  says,  "Unless  the  stand  pipes  are  carefully  cased 
in  winter  they  are  in  great  danger  of  being  frozen,  and  very 
serious  consequences  have  arisen  from  this  cause.  There  is 
also  a  drawback  with  them  on  account  of  the  great  weight  of 
the  column  of  water,  which  has  to  he  set  in  motion  from  a 
dead  stand  at  each  stroke  of  the  engine." 

*  From  Marten's  Paper  on  Pumping  Engines. 
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ON  THE   DUTY  OF  PUMPING  ENGINES. 

This  term  was  first  explained  in  a  definite  and  precise 
manner  by  the  learned  and  accomplished  Davies  Gilbert,  Pre- 
sident of  the  Royal  Society,  in  a  paper  read  before  that  body 
in  1S27.  "The  criterion  of  the  efficiency  of  ordinary  ma- 
chines is  force,  multiplied  by  the  space  through  which  it  acts ; 
the  effect  which  they  produce,  measured  in  the  same  way,  has 
been  denominated  duty,  a  term  first  introduced  by  Mr.  Watt 
in  ascertaining  the  comparative  merit  of  steam  engines,  when 
he  assumed  one  pound  raised  one  foot  high,  for  what  has  been 
called  in  other  countries  the  dynamic  unit ;  and  by  this  crite- 
rion, one  bushel  of  coal  has  been  found  to  perform  a  duty  of 
thirty,  forty,  and  even  fifty  millions." 

Mr.  Wicksteed*  says,  "As  regards  the  term  'duty,'  I 
understand  it  to  mean  the  useful  effect,  or  actual  weight  of 
water  raised  by  a  given  weight  of  coals,  the  same  weight  of 
coals  also  generating  a  sufficient  quantity  of  steam  to  work 
the  engine  and  overcome  the  friction  of  the  pit  or  pump 
work." 

It  is  clear,  from  these  definitions,  that  the  duty  is  not  an 
expression  of  the  work  done,  as  this  would  include  the  power 
to  overcome  friction  and  other  resistances,  but  is  the  actual 
useful  effect  expressed  in  lbs.  weight  of  water  actually  raised. 

To  the  enterprise  and  enlightened  spirit  which  have  long 
distinguished  the  mining  interests  of  Cornwall,  we  are  chiefly 
indebted  for  those  vast  improvements,  of  various  kinds,  which 
have  absolutely  increased  the  power  of  pumping  engines  to 
the  extent  of  five  times  that  which  they  possessed  forty  years 
ago,  when  the  Cornish  engines  were  first  reported.  To  them, 
also,  we  are  indebted  for  that  valuable  series  of  annual  reports 
which  have  recorded,  year  by  year,  the  gradual  and  successive 
improvements  of  the  engines.  Mr.  Lean,  in  his  historical 
statement  of  the  steam  engines  in  Cornwall — a  work  compiled 

*  Wicksteed's  Experimental  Inquiry  concerning  Cornish  and  BoulUm 
and  Watt  Pumping  Engines,  p.  32.    London,  Weale,  1811. 
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at  the  request  of  the  British  Association  for  the  Advancement 
of  Science,  by  the  well-known  registrars  and  reporters  of  these 
engines— makes  a  statement  which  shows,  in  the  clearest 
manner,  that  the  improvements  made  in  the  engines  of  Corn- 
wall, up  to  1835,  were  then  saving  the  country  £80,000  a  year 
in  coals  alone,  as  compared  with  the  cost  of  working  the  same 
engines  in  1814,  or  twenty-one  years  before.  All  the  statements 
in  Mr.  Lean's  book  are  characterized  by  moderation  and  truth- 
fulness, and  appear  to  be  thoroughly  worthy  of  confidence. 

Something  more  than  mere  praise  and  simple  admiration 
are  due  to  the  labours  of  the  men  who  quietly  and  unostenta- 
tiously, without  parade  of  any  kind,  have  been  thus  steadily 
promoting  the  substantial  and  vital  interests  of  their  country. 
Without  these  improvements,  and  without  the  exertions  of  the 
men  to  whom  they  are  due,  it  is  probable  many  of  the  mines 
of  Cornwall  would  have  become  unprofitable,  and  must  have 
been  abandoned,  on  account  of  the  expense  required  to  keep 
them  free  from  water. 

Mr.  Taylor  says,  in  his  records  of  mining,  that  in  early  times 
the  duty  of  atmospheric  engines  was  equal  to  5  million  pounds 

5x112 

raised  one  foot  high  by  a  bushel  of  coals  =  — — —  =  nearly 

6  millions  for  1  cwt.  of  coal.* 

During  the  ten  years  from  1770  to  1780,  it  appears  that 
Srneaton's  atmospheric  engines  were  doing  an  average  duty  of 

7  to  11  millions,  and  that  Boulton  and  Watt's  engines  were 
doing  about  double  this  amount.    About  1785  Boulton  and 

*  The  duty  given  here  and  in  the  following  pages  is  always  expressed 
in  lbs.  raised  by  1  cwt.  or  112  lbs.  of  coal.  In  all  the  earlier  reports  and 
writings  on  the  subject  of  duty  the  unit  was  a  measured  bushel  of  coal, 
which  has  been  variously  estimated  at  84  to  100  lbs.  in  weight.  It  is  now 
generally  considered,  however,  that  the  bushel  is  equivalent  to  94  lbs., but 
both  Lean's  and  Brown's  reports  now  also  give  the  duty  reduced  to  a  cwt. 
of  112  lbs.  As  this  standard  is  more  convenient,  and  will  he  better  un- 
derstood than  the  other,  1  have  adopted  it  throughout,  and  whenever  ne- 
cessary in  extracting  from  the  old  reports,  have  reduced  the  duty  to  tins 
Btandard. 
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Watt  introduced  the  improvement  of  working  steam  expan- 
sively in  Cornwall,  and  at  this  time  the  duty  somewhat  in- 
creased, although  the  steam  was  not  raised  to  any  higher  pres- 
sure than  before. 

In  1800,  when  Boulton  and  Watt's  patent  expired,  the  best 
of  their  engines  in  Cornwall  were  doing  an  average  duty  of 
about  24  millions.  After  this  time  Mr.  Murdoch  and  other 
skilful  and  experienced  agents  having  left  the  country,  a  great 
deterioration  took  place  in  the  Cornish  engines,  and  it  is  said 
that  in  the  following  year  several  of  the  largest  engines  with 
G3-inch  cylinders  on  Bull's  mode  of  construction  were  working 
with  an  average  duty  under  12  millions.  Soon  afterwards,  how- 
ever, owing  to  the  able  exertions  of  Captain  Lean,  the  duty 
began  to  improve  at  several  of  the  mines,  and  the  example  set 
by  these  produced  a  beneficial  result  also  in  others. 

The  following  figures  show  the  regular  successive  improve- 
ments of  the  engines  as  recorded  in  the  earlier  years  of  Lean's 
reports  : — 


Year. 

No. 

of 
En- 
gines. 

Average 
Duty. 

Average  Duty 
of  the  best 
Engine. 



Year. 

No. 
of 
En- 
gines. 

1 

Average 
Duty. 

Average  Duty 
of  the  best 
lingines. 

1812 

21 

23-0 

1828 

57 

4  4-1 

91-4 

1813 

29 

23-2 

31  -4 

1829 

53 

49-6 

91  6 

1814 

32 

245 

38-1 

1830 

56 

51-5 

92-8 

1815 

35 

24-4 

34-1 

1831 

58 

510 

84'6 

1816 

35 

27-4 

38-6 

1832 

59 

52-6 

101-1 

1817 

35 

31-5 

4  9-5 

1833 

56 

55-4 

100-3 

1818 

36 

302 

40-8 

1834 

52 

56-9 

108-1 

1819 

40 

313 

47-6 

1835 

51 

509 

109  1 

1820 

46 

341 

491 

1836 

61 

55-4 

101-6 

1821 

45 

336 

509 

1837 

58  I 

55  9 

103-6 

1822 

52 

34-4 

50  6 

1838 

61 

58-0 

100  2 

1823 

52 

33-6 

500 

1839 

52 

65-4 

92  6 

1824 

4  9 

33-7 

51-8 

1810 

54 

64-3 

97-2 

1825 

50 

381 

540 

1811 

56 

65-1 

121-3 

1820 

51 

36-3 

538 

1842 

49 

64-0 

127-9 

1827 

51 

38-2 

1 

71-0 

1843 

36 

71-4 

114-4 

Tt  will  be  observed,  that  up  to  the  year  1827,  the  duty  of 
the  best  engine  is  seldom  more  than  50  per  cent,  above  the 
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average  duty  of  all  the  engines.    In  1827,  however,  the  aver- 
age duty  of  the  best  engine  is  nearly  double  the  general  average, 
and  in  the  following  year  is  rather  more  than  double.  This 
increase  was  due  to  the  improvements  made  by  Samuel  Grose, 
and  to  the  introduction  of  a  90-inch  cylinder  on  Woolf's  prin- 
ciple, which  performed  a  duty  considerably  exceeding  that  of 
any  former  engine.    In  the  following  years  the  duty  of  the 
best  engine  never  appears  to  double  the  average  duty,  although 
it  more  nearly  approaches  100  per  cent,  than  50  per  cent,  in 
excess  of  this.    The  duty  of  the  best  engine  in  1842  appears 
to  be  the  largest  ever  recorded  for  any  continuous  period,  being 
nearly  128  millions.     This  duty  was  performed  by  Taylor  s 
85-inch  cylinder  engine  at  the  United  Mines  in  Gwennap. 

The  engine*  was  erected  in  1840  by  Messrs.  Hocking  and 
Loam,  and  was  especially  intended  to  work  more  expansively 
than  had  hitherto  been  practised.    The  boilers  were  made 
smaller  in  diameter  than  usual,  and  of  stronger  plate,  so  as  to 
stand  a  higher  pressure  of  steam,  the  working  elasticity  being 
fixed  at  40  lbs.  per  square  inch  above  the  atmosphere.  Also 
an  extra  number  of  boilers  was  provided,  in  order  to  give  an 
increased  proportion  of  heating  surface,  and  the  strength  of  the 
working  parts  of  the  engine  and  machinery  was  augmented  to 
withstand  the  strain  caused  by  the  great  force  of  the  steam  on 
the  piston  at  the  commencement  of  the  stroke.    In  this  engine 
(on  a  visit  being  made  in  1841)  the  steam  was  cut  off  at  about 
one-tenth  or  one-twelfth  of  the  stroke,  thereby  carrying  out 
the  principle  of  expansion  to  a  greater  extent  than  had  ever 
before  been  attempted,  except  by  Woolfin  his  combined  cy- 
linder engines,  where  he  expanded  it  above  twenty  tunes. 

The  following  is  the  monthly  performance  of  the  engines 
from  Lean's  Heport  for  the  year  1854  :— 


»  Engineer's  rocket  13ook  for  1849. 
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January 
February 
March 
April  . 
May  . 
June  . 
July  . 
August 
September 
October  . 
November 
December 


Average 


No.  of 

Engines 
report- 
ed. 


17 
22 
23 
23 
22 
22 
20 
20 
19 
19 
20 
20 


Average 

Dutj'. 
Millions. 

Duty  of 

best 
Engine. 

Name  of  best  Engine. 

D  /  L 

*7  9  'O 

/  z  u 

IjccU  b  "JL"-1UL11. 

04  o 

/  4  U  - 

TVT  i  f /ill  oil         ft  ^   i  n  nil 

DO  0 

oy  u 

» i»"*~\oo"c?   ft  ^    inn t "l 

04  o 

/  u  u 

Do  0 

7n-n 

T  oon'c   (\  (1   in  nil 

DO  0 

00  u 

IVJH-Lllcll  o  Uv-inL.ii. 

52*4 

65-0 

Ditto. 

52-4 

72-0 

Leerl's  60-inch. 

53-6 

77-0 

Ditto. 

52*4 

75-0 

Ditto. 

53-6 

740 

Ditto. 

52-4 

73-0 

Ditto. 

53-7 

72-0 

This  Table  shows  that  the  duty  of  the  engines  reported  by 
Lean  in  1854  is  much  less  than  in  1843  and  the  preceding  years, 
the  average  in  1854  being  53-7  millions  against  71 -4  millions 
in  1843,  and  the  best  engines  having  only  a  duty  of  72  mil- 
lions instead  of  114  to  127  millions.  The  table  for  1854  also 
shows  that  all  the  engines  are  more  nearly  on  an  equality  than 
formerly,  as  the  performance  of  the  best  is  only  34  per  cent, 
in  excess  of  the  average,  instead  of  being  50,  and  even  100  per 
cent.,  as  in  some  former  years. 

I  have  been  informed,  however,  that  the  best  engines  are 
not  now  reported  by  Lean,  the  proprietors  of  some  of  the  best 
engines  not  caring  to  pay  the  expense  of  having  them  re- 
ported, although  the  duty  is  regularly  recorded  for  their  own 
satisfaction,  and  for  the  purpose  of  comparison  with  other 
engines. 

The  following  is  the  performance  of  the  engines  from 
Browne's  Reports  for  the  year  1855 : — 
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January 
February 
March 
April  . 
May  . 
June  . 
July  . 
August 
Septembe 
October 
November 
December 


Average 


No.  of 
Engines 
reported 

Average 
Duty  in 
IVIilliuns. 

Duty  of 

best 
Engine 

Name  of  best  Engine. 

15 

69-9 



1011-7 

Austin's  80-inch. 

15 

70-1 

97-9 

Irerfry's  80-inch. 

15 

C8-7 

97-4 

Ditto. 

15 

68-4 

101-3 

Ditto. 

15 

68-9 

100-3 

Ditto. 

15 

69-4 

98-0 

Austin's  80-inch. 

15 

69'1 

99-1 

Ditto. 

15 

C9-4 

100-1 

Ditto. 

14 

69-7 

101-4 

Ditto. 

13 

71  "6 

J.UU  4 

JJltlO. 

13 

71-3 

98-8 

Ditto. 

12 

70-2 

100-0 

Treffry's  80-inch. 

69-7 

99-6 

It  will  be  observed  that  the  engines  reported  by  Browne 
work  with  a  considerably  greater  amount  of  duty  than  those 
now  reported  by  Lean. 

The  average  working  of  Browne's  engines  is  very  nearly  equal 
to  the  highest  average  of  former  years,  but  the  duty  of  the 
best  engine  is  somewhat  less  than  in  those  years  in  which 
Taylor's  85-inch  cylinder  engine  was  reported.  Tbis  engine 
does  not  appear  in  either  of  the  reports  published  at  the  present 
time.  Many  of  the  engines  reported  by  Browne  were  con- 
structed from  the  drawings  of  Mr.  West,  aid  most  of  the  others 
are  under  his  superintendence. 

The  following  Table  contains  the  monthly  duty  of  each 
engine  reported  by  Browne  during  the  year  1855.  It  shows 
the  small  fluctuations  in  the  amount  of  duly  for  each  engine, 
and  tho  average  duty  of  each  during  the  whole  year. 
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RELATION    BETWEEN    DUTY   AND  CONSUMPTION   OF  FUEL. 


If  we  know  the  consumption  of  fuel  in  an  engine,  it  is  easy 
to  convert  this  into  duty.  For  example,  suppose  an  engine 
requires  a  lbs.  of  coal  per  horse  power  per  hour.  The  effect 
produced  by  one  horse  power  is  that  of  raising  33,000  lbs. 
1  foot  high  in  a  minute,  or  33,000  X  60  =  1,980,000  lbs. 
raised  1  foot  high  in  an  hour.  This  result  is  produced  by  a 
lbs.  of  coal,  hence  the  duty  for  1  cwt.  of  coal  is 

,     „  _  1,980,000  x  112 

a  :  1,980,000  :  :  112  :  

a 

Hence  we  have  this  rule:  Divide  221,760,000  by  the  con- 
sumption of  coal  per  horse  power  per  hour,  the  quotient  is  the 
duty  of  the  engine  expressed  in  lbs.  raised  1  foot  high  by  1 
cwt.  of  coal.  The  following  table  is  calculated  to  show  the 
duty  of  engines  consuming  from  1  to  12  lbs.  of  coal  per  horse 
power,  per  hour. 


Consumption 
of  Coal  per 
horse  power 
per  hour. 
Iba. 

Duty  in  lbs. 
raised  1  foot  high 
by  1  cwt.  of  coal. 

Consumption 
of  Coal  per 
horse  power 
per  hour, 
lbs. 

Duty  in  lbs. 
raised  1  foot  high 
by  1  cwt.  of  coal. 

1 

221,760,000 

7 

31,080,000 

2 

110,880,000 

8 

27,720,000 

3 

73,920,000 

9 

24,010,000 

4 

55,140,000 

10 

22,170,000 

5 

44,352,000 

11 

20,114,545 

6 

30,900,000 

12 

18,180,000 

Put  D  =  duty  in  millions  of  lbs.  raised  1  foot  high  per 
minute, 

221 -76 

Then   — —  =  lbs.  of  coal  per  horse  power  per  hour. 


Also 


1) 


221-76  X  365  X  24 


2210 


19426176 
2240 


-  S67 


867 


Then  -jj  —  tons  per  annum  for  each  horse  power. 
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Oil 


Duty  of  Condensing  Engines,  from  Houghton's  Report  on 
Detroit  Waterworks,  p.  12,  and  other  Sources. 

Millions  of  lbs. 
raised  1  ft.  high 


East  London  Waterworks,  single  acting  Cornish 

Engine,  1836    105-7 

Ditto             ditto,        Boulton  and  Watt  .       .  46-6 

Haarlem  Mere,  Holland   89-4 

Average  of  36  Cornish  Engines,  1843    .       .       .  71-5 

Cincinnati  direct  action   53-6 

Buffalo  Cornish  Bull  Engines,  1852  .  .  .  37-0 
Boulton  and  Watt's  non-expansive  Rotative  Engine 

Albion  Mills,  London,  1786      ....  25  8 
Spring  Garden,  Philadelphia,  1832       .       .       .  24-6 
United  States  Dry  Dock  Engine,  Brooklyn    .       .  22  4 
Non-condensing  30-inch  Cylinder  Engine  at  King- 
ston, United  States   9>8 

40-inch  Cylinder  Condensing  Engine  at  ditto        .  287 

Duty  performed  by  various  other  Engines. 

Direct  Acting  Non-condensing  Engine  at  Tettenhall 
Station  of  Wolverhampton  Works,  using  small 
Staffordshire  coal     .       .       .       .       .  .17-9 

Cornish  Engine  at  Gold  thorn  Station  of  Wolverhamp- 
ton Works,  using  small  Staffordshire  coal  .       .  27-5 
Grand  Junction  Waterworks  Engines  in  1849        .  46-8 
Southwark  and  Vauxhall  Engines  in  1849     .       .  69-6 
Beardmore's  Exemplar  Cornish  Engine         .       .  83-4 


Beardmore's  Duty  of  Cornish  Engines  at  London 

Waterworks     .......  5625 

Fowey  Consols  50-inch  Cylinder  Engine  of  103 
horse  power,  experimented  on  by  Mr.  Wicksteed, 
and  worked  at  a  power  of  26^  horses  .       .       .    130  2 

Holmbush  80-inch  Cylinder  =  251  horses,  worked 
at  a  power  of  62  horses  122-4 

Estimated  duty  of  72-inch  Cylinder  Condensing  En- 
gine for  Brooklyn  Works  35-5 

Engines  at  the  East  London  Works  in  1850  from 
Mr.  Wicksteed's  evidence  63  8 

Engines  at  the  same  works  before  the  use  of  the 

Cornish  Engines  26-? 
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Average  duty  of  Cornish  Engines  from  Lean's  Re- 
porter, 1854    53-7 

Duty  of  the  best  Engine  from  ditto       .       .  .77*0 

Average  duty  of  Cornish  Engines,  Browne's  Reporter 

1855   G97 

Duty  of  the  best  Engine  from  ditto       .       .       .  101"4 

I  shall  now  invite  attention  to  two  remarkable  statements 
which  have  been  made  with  reference  to  the  duty  of  Cornish 
engines  by  two  writers  who  have  both  contributed  much  valu- 
able information  on  this  interesting  subject.    The  first  is  a 
statement  by  Mr.  Lean  in  his  work  already  referred  to — 
"  That  the  duty  of  the  best  pumping  engines  in  Cornwall  far 
exceeds  what  could  be  effected,  were  it  even  possible  to  apply 
the  force  of  the  steam  immediately  to  the  water,  unencum- 
bered by  the  friction  and  imperfection  of  machinery,  or  the 
loss  arising  from  accidental  condensation/'    The  other  state- 
ment is  made  by  Mr.  Pole  in  his  valuable  treatise  on  the 
Cornish  engine,  and  is  to  the  effect  that  the  steam  generated 
in  the  boilers  of  the  Cornish  engine  is  capable  of  performing  a 
much  higher  duty  than  that  which  has  ever  been  reported  of 
any  engine.    Thus  he  shows  that  when  the  steam  is  cut  off 
at  one-sixth  of  the  stroke,  and  the  steam  expanded  through 
the  remaining  five-sixths,  a  motive  power  is  produced  which 
is  capable  of  raising  154,000,000  lbs.  1  foot  high,  by  the  con- 
sumption of  94 lbs.  of  coal;  and  that,  with  eight  times  expan- 
sion, a  motive  power  is  developed  equal  to  170,000,000.  Now 
although  these  two  statements  may  appear  at  first  sight  at 
variance  with  each  other,  we  shall  find  on  examination  that 
this  is  really  not  so,  but  that  in  fact  they  are  perfectly  con- 
sistent one  with  the  other. 

Mr.  Lean's  statement  is  founded  on  the  quantity  of  work 
which  the  steam  will  do  when  worked  altogether  without  ex- 
pansion ;  and  doubtless  if  we  calculate  the  motive  force  deve- 
loped by  the  steam  when  used  at  a  simple  initial  pressure 
without  expansion,  we  shall  find  it  much  less  than  that  which 
is  really  produced  in  the  Cornish  engine. 
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Mr.  Lean  shows,  from  actual  recorded  measurements  and 
observations  made  during  six  months  at  the  United  Mines,  that 
100  lbs.  of  coal  will  convert  15  cubic  feet  of  water  into  steam, 
and  that  500  cubic  feet  of  steam,  at  a  pressure  of  50  lbs.  on 
the  square  inch,  are  generated  from  each  cubic  foot  of  water.* 
It  follows  that  100  lbs.  of  coals  would  produce  500  X  15  = 
7500  cubic  feet  of  steam  at  a  pressure  of  50 lbs.  Hence,  "if 
the  steam  could  be  applied  immediately  to  the  water  at  the 
bottom  of  the  pump  without  loss  by  condensation,  while  a  per- 
fect vacuum  was  constantly  maintained  at  the  top,  the  weight 
lifted  1  foot  high  by  the  consumption  of  100  lbs.  of  coal, 
would  be  7500  X  144  X  50  =  54,000,000  lbs.  :  while  the 
duty  of  the  best  steam  engines  in  Cornwall  (although  encum- 
bered by  much  machinery)  has  been  known  to  exceed  double 
that  number/'  He  then  proceeds  to  show  that  the  steam 
when  worked  expansively  developes  a  great  addition  of  power 
beyond  that  which  is  due  to  its  first  action  on  the  piston  at  its 
full  pressure.  The  mode  of  calculating  the  increased  effect 
due  to  the  expansion  of  the  steam  when  cut  off  at  various  parts 
of  the  stroke,  is  explained  in  a  very  simple  and  familiar  man- 
ner, both  by  Mr.  Lean  and  Mr.  Pole.  It  is  also  to  be  found 
in  many  books  of  a  more  popular  character,  where  a  small 
table  of  hyperbolic  logarithms  is  inserted  for  the  purpose  of 
making  the  necessary  calculation.  It  would  be  going  beyond 
the  limits  of  this  work  to  enter  on  this  subject,  and  we  must 
be  content,  therefore,  with  referring  to  the  scale  at  page  284, 
which  shows  the  efficiency  of  an  engine  at  different  degrees  of 
expansive  working. 

If  then  the  steam  admitted  at  full  pressure  during  the  whole 
of  the  stroke  produce  an  effect  of  54,000,000,  it  will  produce, 
when  cut  off  at  any  part  of  the  stroke,  an  eiTect  equal  to 

*  This  experiment  on  the  evaporative  power  of  coal  agrees  remarkably 
with  those  made  by  Mr.  Wicksteed  at  the  East  London  Waterworks. 
15  x  62*5 

Thus  — —  =  9-37  lbs.  of  water  evaporated  by  each  lb.  of  coal.  Mr. 

Wicksteed  found  that  the  best  Welsh  coal  would  evaporate  9*493  times 
its  own  weight  of  water. 
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54,000,000  multiplied  by  the  corresponding  number  in  the 
above  scale.  Thus,  if  cut  off  at  one-fifth,  the  effect  will  be 
54  X  2  609  =  141,000,000. 

Mr.  Pole  takes  up  the  subject  just  where  Mr.  Lean  leaves 
off,  and  shows  that  the  effect  due  to  the  steam  when  worked 
expansively,  is  much  greater  than  that  ever  reported  as  the 
duty  of  any  Cornish  engine  whatever. 

He  takes  for  example  a  cylinder  70  inches  in  diameter,  to  which 
steam  of  45  lbs.  pressure  is  admitted  during  one-sixth  of  the 
stroke.  Using  the  hyperbolic  or  Naperian  logarithm  of  6,  in 
the  same  way  as  already  explained,  he  finds  the  effect  which 
would  be  developed  by  steam  worked  at  this  rate  of  expansion 
is  154,000,000  ;  and  in  a  similar  manner  he  finds  that  when 
cut  off  at  i  of  the  stroke  the  effect  produced  is  170,000,000, 
and  with  ten  times  expansion  the  effect  would  be  1SO,000,000. 
According  to  Mr.  Lean  the  effect  produced  by  expanding  six 
times  would  be  54  X  2-792  =  151,000,000  ;  at  eight  times, 
it  would  be  54  X  3-079  =  166,000,000;  and  at  ten  times, 
54  X  3-303  =  178,000,000.  The  slight  difference  between 
the  two  is  accounted  for  by  Mr.  Pole  assuming  the  relative 
density  of  water  and  steam  at  45  lbs.  pressure  as  1  to  608, 
whereas  Mr.  Lean  takes  the  relative  densities  at  50  lbs.  pres- 
sure as  1  to  500.  The  densities  being  inversely  as  the  pres- 
sures if  one  cubic  foot  of  water  expands  into  500  feet  of  steam 

500  X  50 

at  50  lbs.  pressure,  it  ought  to  expand  into   ^      =  056 

cubic  feet  at  45  lbs.  Mr.  Pole's  rate  of  expansion  is  taken 
from  De  Pambour's  tables  in  his  Theory  of  the  Steam  Engine. 
On  the  whole,  it  agrees  remarkably  well  with  the  experiments 
described  by  Mr.  Lean  at  the  United  Mines;  and  the  state- 
ments made  by  the  two  authors  we  have  quoted,  must  be  held 
essentially  to  confirm  each  other. 
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COST  OP  RAISING  WATER  BY  STEAM  POWER. 

Mr.  Wicksteed  has  recorded  the  fact,  that  the  expense  of 
pumping  by  Cornish  engines  at  the  East  London  Waterworks 
is  -150  pence  per  1000  gallons  raised  100  feet  high.  This  is 
equal  to  150  pence,  or  12s.  Gd.  for  a  million  gallons  raised 
100  feet  high. 

According  to  some  recent  returns  by  Mr.  Duncan,  engineer 
of  the  Liverpool  "Waterworks,  the  cost  at  the  most  expensive 
of  their  pumping  stations — namely,  at  Hotham  Street — was 
nearly  £4  for  a  million  gallons  raised  100  feet ;  but  at  Windsor 
station  the  cost  was  only  18s.  Id.  per  million,  and  at  Green 
Lane  only  15s.  9d.  per  million.  As  these  two  are  the  only 
establishments  that  have  really  good  engines  and  machinery, 
it  is,  perhaps,  only  fair  to  reject  the  others,  and  take  the  mean 
of  these  two.  This,  accordingly,  is  16s.  lid.,  or  say  17s.  per 
million  gallons  raised  100  feet  high. 

The  work  done  by  the  engines  of  the  Wolverhampton 
Waterworks  Company  is  equal  to  raising  annually  426  million 
gallons  100  feet  high  ;  and  the  cost  of  this,  in  a  district  where 
coal  is  exceedingly  cheap  (only  about  7s.  Gd.  per  ton),  appears 
from  the  Company's  published  accounts  to  be  about  £750 
a  year,  or  about  35s.  per  million  gallons.  This  is  double  the 
cost  of  the  same  work  at  Liverpool. 

The  East  London  Company,  according  to  a  return  made 
to  the  General  Board  of  Health,  used  in  1849  a  quantity 
equal  to  2,121-|-  tons  of  coal  at  10s.  Gd.  per  ton  delivered,  and 
employed  an  average  steam-engine  power  of  372-0  horses, 
working  12  hours  per  day. 
2121-5  X  2^40 

Hence  372-6  X 12  x  365  =  2'9  lbs'  per  h°l'SG  P°W  PG1'  b°m'' 
The  Southwark  and  Vauxhall  Company  in  1849  employed 
four  engines,  whose  united  power  was  equal  to  355  horses, 
and  the  coals  consumed  amounted  to  8  tons  per  day  on  the 
average  of  the  year.    This  is  equal  to  nearly  8  cwt.  pur  day 
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for  each  horse  power.    The  coal  had  cost  for  some  years 
13s.  Bd.  per  ton,  but  in  1849  the  coal  was  only  10s.  per  ton. 

Supposing  the  whole  supply  of  this  company  pumped  over 
their  stand-pipe,  which  is  185  feet  high,  the  quantity  in 
millions  of  gallons  raised  100  feet  high  will  be 

219^QXQ185 =4,061  millions  raised  100  feet  high. 

The  coals  used  for  this  are  2,920  tons,  costing  £1,460,  or 
only  about  7s.  for  the  coals  used  to  raise  one  million  gallons 
100  feet  high.  If  we  add  to  the  cost  of  the  coals  the 
large  sum  of  £1,000  for  labour,  repairs,  oil,  tallow,  wear 
and  tear,  &c,  we  shall  have  the  whole  cost  of  a  million 
gallons  only  12s. 

The  establishment  of  the  Southward  and  Vauxhall  Com- 
pany, under  the  able  and  skilful  management  of  Mr.  Quick, 
compares  very  favourably  in  point  of  economy  with  any 
other  that  can  be  cited.  The  duty  of  the  engines  appears, 
from  the  preceding  figures,  to  be  very  nearly  70  million  lbs. 
for  1  cwt.  of  coal,  the  coal  consumed  being  barely  3  lbs.  per 
horse  power  per  hour.  This  work  and  the  East  London, 
according  to  the  information  now  before  us,  appear  to  be 
about  on  a  par  as  to  economy  of  working. 

The  Grand  Junction  Company  in  1849  lifted  1,289  million 
gallons,  the  greater  part  of  it  passing  over  a  stand-pipe  218 
feet  high,  and  consumed  3,170  tons  of  coal,  which  cost 
£2,285. 

Hence  1289  x  21 -=2,810  million  gallons 
100 

raised  100  feet  high  at  a  cost  of  rather  more  than  16s.  per 
million  gallons  for  coals  alone.  Adding,  as  before,  £1,000 
for  labour,  &c,  the  cost  per  million  gallons  raised  100  feet 
high  would  be  rather  more  than  23s.  per  million.  This  is 
considerably  higher  than  the  cost  either  in  Liverpool,  East 
London,  or  Southwnrk  and  Vauxhall,  but  is  in  some  measure 
accounted  for  by  the  higher  price  paid  for  the  coal. 

The  following  estimates  of  working  expenses  arc  taken' 
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from  Mr.  Hack's  evidence  before  Mr.  William  Beckett's 
Committee  in  1852  : — 

Estimate  for  working  100  horse  power  engine  at  Hamp- 
ton, for  the  West  Middlesex  Works  : — 

£    s.  d. 

3|  tons  of  Welsh  coal  per  day=l,277J  tons  per 

annum,  at  26s.,  in  the  stoke-hole    .       .       .  1,660  15  0 

Two  engine  workers,  two  stokers,  and  two  la- 

hourers,  at  £9  per  week        ....      468    0  0 

Tallow,  oil,  hemp,  and  sundry  stores.       .       .      150    0  0 

Repairs  to  engine  and  boiler,  and  wear  and  tear     100    0  0 

£2,378  15  0 


The  work  to  be  done  here  is  to  raise  4,000,000  gallons  a 
day  46  feet  high,  which  is  equal  to  a  power  of  39  horses 
working  during  twenty-four  hours ;  so  that  the  annual 
cost  is  about  £61  per  horse  power  of  actual  work. 

The  cost  per  million  gallons  raised  100  feet  high  will  be 
very  great,  according  to  the  above  estimate  :  thus, 
4x46x365 


100 


:671'6  millions  raised  100  feet  high, 

,  £2,378  15s.    po11  , 
and  —  C71.6 —  =£3  lls-  nearly, 


for  each  million  gallons  raised  100  feet  high. 

Both  this  and  the  following  estimate  by  Mr.  Hack  are 
evidently  extravagant.  It  should  be  observed  that  these  are 
not  in  the  same  category  as  the  estimates  usually  brought 
by  engineers  before  parliamentary  committees.  The  object 
here  was  not  to  show  the  committee  how  cheaply  the  work 
could  be  done,  but  rather  to  impress  them  with  an  idea  of 
the  great  sacrifice  which  the  West  Middlesex  Company  was 
going  to  make  for  the  public  benefit  by  removing  their 
works  to  Hampton,  and  erecting  an  additional  engine  at  Bar- 
row Hill.  No  one  can  fail  to  be  struck  with  the  amount  put 
down  in  theso  estimates,  both  for  coals  and  labour. 

Estimate  for  working  a  75  horse  power  engine  for  tho 
West  Middlesex  Works  at  Barrow  Hill : — 
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£      ».  d. 

Coals,  75  H.P.  X  24  X  4  lbs.  per  H.P.  per  hour, 
=  3  tons  4  cwt.  1  qr.,  say  3{  tons  per  day,  at 
24*.   per  ton  =  £3  18s.  ;   and  this  for  365 


10 

0 

Two  engine  workers,  at  40s.  per  week 

.  208 

0 

0 

Two  stokers,  each  at  26s.  per  week  . 

1 35 

4 

0 

One  labourer  and  engine  cleaner,  at  21s.  . 

54 

12 

0 

Tallow,  10  lbs.  per  day,  at  Gd.   .       .  . 

91 

5 

0 

Oil,  1  pint  per  day  =  46  gallons,  at  5s.  . 

11 

10 

0 

Yarn,  hemp,  flax,  and  sundry  stores .  . 

25 

0 

0 

Wear  and  tear  of  machinery    .       .  • 

50 

0 

0 

£1,999 

1 

0 

or  about  £26  10s.  per  horse,  reckoned  on  the  full  power  of 
the  engine. 

867 

Using  the  formula          (see  pago  310)  to  derive  from  the 

duty  the  coals  consumed  per  annum  for  each  horse 
power,  I  find  that  the  smallest  consumption  of  coal  in  any 
engine  reported  by  Browne  in  1855  was  at  the  rate  of 
8  tons  16  cwt.  for  each  horse  power  of  actual  work.  This 
is  the  consumption  by  Austin's  80-inch  cylinder  engine  at 
Fowey  Consols.  Tbe  largest  consumption  by  any  engine  in 
tbc  same  report  is  20  tons  9  cwt.  per  annum  for  each  horse 
power ;  and  the  average  of  the  whole  fifteen  pumping 
engines  is  12  tons  9  cwt.,  or  a  little  more  than  a  ton  per 
month  for  each  horse  power.  The  coal  used  by  the  Cornish 
engines  is  understood  to  bo  the  best  Welsh  coal,  capable  of 
evaporating  from  9  lbs.  to  10  lbs.  of  water  by  each  pound  of 
coal. 

Let  us  examine  for  a  moment  the  expense  of  tho  best 
Cornish  engine  as  compared  with  tbe  worst.  Taking  an 
engine  working  at  250-borso  power,  and  assume  that  tbe 
cost  of  labour,  oil,  tallow,  and  small  stores  is  the  same  for 
each,  but  tbat  tho  difference  is  in  tho  coal  alone,  and  assume 
tbo  latter  to  cost  16s.  per  ton.  According  to  tbe  above 
figures,  wo  bavo  tho  worst  engine  costing  for  coal  alono 
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Tons.        Tons.  cwt. 
250x20-9  =  5112  10,  at  16a.  . 
And  the  best,  250  X  8-16  =  2200,  at  16a. 


£       a.  d. 

4,140  0  0 
1,760    0  0 


Annual  difference  against  the  worst  engine       £2,380    0  0 
The  true  expense  of  an  engine  is  the  original  price  added 
to  its  annual  cost  capitalized,  say  at  twenty  years'  purchase. 

Suppose  each  engine  to  have  cost  originally  £25,000,  then 
we  have  the  following  comparison  : — 

Worst  Engine. 


Original  cost  

Annual  expenses,  4140  X  20 

Best  Engine. 

Original  cost  

Annual  expenses,  1760X20 


£ 

25,000 
82,800 


25,000 
.35,200 


Total. 


107,800 


60,200 


£47,600 


Difference  in  favour  of  the  best  engine 
So  that  the  one  engine  will  cost  in  the  end  more  than  50 
per  cent,  above  the  other. 

Many  comparisons  of  a  similar  nature  might  be  made  ; 
but  the  above  is  sufficient  to  draw  attention  to  the  fact  of 
the  immense  consequence  involved  in  what  is  called  the  duty 
of  an  engine  and  its  corresponding  consumption  of  coal. 

The  following  table  shows  the  quantities  of  oil  and  tallow 
used  for  eleven  Cornish  engines  during  the  year  1855,  com- 
piled from  "  Brown's  Engine  Reporter  "  : — 


Average  Horse 
Power  era- 
ployed. 


33-6 
1405 
169-1 
776 
33-3 
124-6 
76-5 
81-5 
111-3 
49-3 
37-3 


Oil  consumed 
in  quarts. 

Tallow  con- 
sumed in  lbs. 

Oil  used  per 
horse  power, 
per  annum,  in 
quarts. 

Tallow  used  per 
horse  power, 
per  annum, 
in  lbs. 

64 

767 

1-9 

22-8 

329 

3  9!)  4 

2-3 

28-4 

351 

2886 

2-1 

17-1 

104 

1560 

1-3 

20-1 

51 

920 

1-5 

27-6 

240 

2450 

1-9 

19-7 

98 

9  SO 

1-3 

12-8 

86 

1963 

11 

24-1 

137 

2000 

1-2 

18-0 

109 

1020 

2-2 

32-9 

105 

540 

2-8 

14-5 

Average 

1-8 

21-6 
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Hence  it  appears  that  the  consumption  of  oil  by  the 
Cornish  engines  is  equal  to  about  1-8  quarts  per  annum  for 
each  horse  of  working  power,  and  that  the  consumption  of 
tallow  is  equal  to  21-6  lbs.  per  annum  for  each  horse. 

In  order  to  show  how  this  mode  of  calculation  will  work 
out,  and  to  compare  it  with  the  known  expense  of  raising 
water  at  certain  establishments,  let  us  take  the  case  of  a 
150  horse  power  engine,  working  night  and  day  throughout 
the  year,  and  compute  everything  at  the  most  moderate 
price  possible.  The  annual  working  cost  of  such  an  engine 
will,  on  the  preceding  data,  be  about  as  follows : — 

Estimated  expense  of  150  horse  power  Cornish  engine, 
taking  coals  at  10s.  per  ton  : — 


150  x  12  =  1800  tons  of  coal  at  10*. 
"Wages,  say  £9  per  week,  for  52  weeks 
Oil  150  X  2  =  300  quarts  at  1*.  6d.  . 
Tallow  150  X  22  =  3300  lbs.  at  M.  . 
Yarn,  hemp,  flax,  &c.      .       .  . 


&  s.  d. 

900  0  0 

468  0  0 

22  5  0 

82  10  0 

50  0  0 

£1522  15  0 


Work  150  x  33,000  =  4,950,000  lbs.  raised  one  foot  high 
per  minute,  or  495  X  1440  X  365  =  2,602  million  gallons, 

raised  100  feet  high  in  a  year,  then  -1523  =  lls.  Qd.  poj 

54(502 

million  gallons,  the  price  at  Liverpool  being  16s.  according 
to  Mr.  Duncan,  and  12s.  6(7.  at  the  East  London  Works 
according  to  Mr.  Wicksteed.  Of  course,  if  we  tako  the  price 
of  coal  at  a  higher  rate  than  10s.  per  ton,  the  cost  of  pump- 
ing will  bo  proportionately  increased.  There  arc  few  places 
in  tho  kingdom  where  coal  of  such  quality  as  that  used  in 
the  Cornish  engines  can  bo  procured  for  10s.  per  ton  ;  and  if 
wo  have  an  inferior  coal,  of  course  tho  consumption  will  be 
more  than  has  been  assumed  in  the  above  calculation. 

It  is  remarkable  that  the  average  duty  of  the  Cornish 
engines,  as  reported  by  Browne  for  the  year  1855,  and  on 
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which  the  preceding  calculation  is  founded  as  to  consump- 
tion of  coal,  corresponds  almost  exactly  with  what  was 
understood  to  be  the  duty  of  the  best  pumping  engines 
then  employed  at  the  London  Waterworks — namely,  about 
70  millions.  It  will  not  be  safe,  therefore,  in  calculations 
for  waterworks  engines,  to  reckon  on  a  higher  duty  than 
this :  and  as  a  consequence,  it  must  be  assumed  that  the 
consumption  of  coal,  equal  in  quality  to  that  used  in  Corn- 
wall (namely,  capable  of  evaporating  about  9  times  its  own 
weight  of  water),  will  be  about  12  tons  per  annum  for  each 
horse  power. 

The  following  estimates  of  working  expenses  were  made 
by  Mr.  Hocking  for  the  Wolverhampton  Waterworks,  in 
which  the  quantity  to  be  pumped  was  1|  million  gallons  a 
day. 

The  estimate  was  required  in  two  forms,  namely  for  rais- 
ing H  millions  in  24  hours,  and  in  12  hours.  In  either 
case  however  a  part  of  the  work  was  to  be  done  in  6  hours, 
namely  the  pumping  of  the  whole  1|  million  gallons  a  height 
of  22  feet  on  to  the  filter-beds.  For  this  Mr.  Hocking 
recommended  a  36-inch  cylinder  engine  and  a  38-inch  pump  ; 
stroke  of  engine  and  pump  each  9  feet,  and  9g  strokes  per 
minute.  The  other  two  lifts  299  feet  and  148  feet,  making 
together  447,  exclusive  of  the  friction  through  the  pumping 
main,  which  was  estimated  at  15  feet  additional  for  each 
lift  supposing  the  work  done  in  twenty-four  hours,  and  at 
four  times  this  quantity  or  60  feet,  supposing  it  done  in 
twelve  hours. 

For  one  of  these  stations  Mr.  Hocking  recommended  a 
60-inch  cylinder  engine  and  19-inch  pump,  with  10  feet 
stroke  for  each,  and  making  8|  strokes  per  minute.  For  the 
other  station  he  recommended  a  45-inch  cylinder  engine  and 
19-inch  pump  ;  length  and  number  of  strokes  as  before. 
This  was  for  doing  the  work  in  24  hours  ;  if  to  be  done  in 
12  hours,  the  engines  and  pump  were  to  be  in  duplicate. 
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Me.  Hocking's  Estimate. 


lj  million  gallons 
in  24  hours. 

lj  million  gallons 
in  12  hours. 

One  36-inch  cy- 
linder   and  38- 
inch  pump.  One 
60-inch  ditto,and 
19-inch  pump. 
One  45-inch  cy- 
linder  and  19- 
inch  pump. 

One  36-inch  cy- 
linder and  38- 
inch  pump.  Two 
60-inch  cylinders 
and  two  19-inch 
pumps.  Two  45- 
inch  cylinders 
and  two  19-inch 
pumps. 

Cost  of  Engines  and  Pumps  . 
„     Buildings  . 

£ 

13,200 
7,600 

£ 

21,800 
10,800 

20,800 

32,600 

WEEKLY  "WORKING  EXPENSES. 

Coal  at  8s.  per  ton 
Enginemen's  wages 
Firemen's  wages  . 
Occasional  assistance 
Tallow,  oil,  hemp,  and  yarn 

^  z  ,1*  v\  n  n!n  fi  fv    \\r  n  tin  n  Ti  r\  ctti  nil 
IOr  pcLCKllL^,  WtloLU  cLllLl  bilidU 

stores  .... 

£    s.  d. 

16  8  0 
8  10  0 
3  16  0 
1  10  0 

3  10  0 

£    s.  d. 

20  0  0 
8  0  0 
2  0  0 
2    0  0 

4  18  0 

33  14  0 

36  18  0 

Per  annum  

£1752    8  0 

£1918  16  0 

The  work  to  be  done  for  raising  the  -water  in  24  hours  is 
equal  to  158  horses,  and  for  raising  it  in  12  hours  about 
1G3  horses ;  so  that  the  annual  expense  per  horse  power  in 
the  one  case  is  about  £11  2s.,  and  in  the  other  £11  15s. 

The  price  is  also  rather  less  than  13s.  per  million  gallons 
raised  100  feet  high  when  the  work  is  dono  in  24  hours, 
and  about  13s.  2d.  when  the  work  is  dono  in  12  hours. 
These  results  agrco  remarkably  with  the  price  of  pumping 
given  by  Mr.  Wickstced  for  tho  East  London  Works,  namely, 
12s.  Or/,  per  million  gallons,  and  also  with  the  cost  of  pump- 
ing at  other  well-managed  establishments  in  London. 

Tho  cost  of  working  engines  of  courso  will  vary  with  tho 
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price  of  coal,  which  may  range  even  for  the  same  quality 
from  7s.  to  30s.  per  ton.  The  price  of  labour,  oil,  tallow, 
yarn,  &c,  will  also  influence  the  working  expenses.  The 
usual  price  of  oil  is  from  5s.  to  6s.  per  gallon,  and  that  of 
tallow  Gd.  to  Id.  per  lb. 
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WATERWORKS  OBTAINING  A  SUPPLY  FROM 
EIVEKS  AND  STREAMS. 

Some  of  the  principal  towns  in  this  country  are  supplied 
from  the  rivers  in  their  immediate  neighbourhood. 

The  daily  supply  to  the  metropolis  now  exceeds  100  mil- 
lion gallons,  and  about  one-half  of  this  quantity  is  pumped 
by  five  companies  from  the  River  Thames.  The  remaining 
three  companies  supply  as  follows  : — 

The  New  River  Company,  from  the  Eiver  Lea  about    15  mil.  gals. 

„  ,,  from  wells  and  springs  .9  ,, 

The  East  London  Company,  from  the  Eiver  Lea  .20  „ 
The  Kent  Company,  from  chalk  wells    ...     6  „ 

50 

So  that  about  85  million  gallons,  or  85  per  cent,  of  the 
whole,  are  supplied  from  rivers. 

Amongst  the  principal  towns  in  England  which  derive  the 
greater  part,  and  in  most  cases  the  whole  of  their  supply 
from  rivers,  are  York,  Penrith,  Darlington,  Newark,  Derby, 
Nottingham,  Chester,  Worcester,  Norwich,  Exeter,  and 
Plymouth. 

The  South  Staffordshire  Works  afford  an  example  of  a 
modern  work  on  a  very  large  £calc  taking  a  supply  from  a 
river.  The  works  are  designed  to  afford  water  to  a  con- 
geries of  towns  grouped  together  in  South  Staffoi'dshire, 
forming  what  is  called  the  Pottery  District. 

The  system  of  pumping  water  from  rivers  has  also  been 
much  adopted  in  many  foreign  works,  especially  in  France, 
Prussia,  and  the  United  States. 

Much  has  been  said  in  favour  of  a  supply  from  large 
xivers  on  sanitary  grounds.  Tbo  water  is  usually  softer 
than  that  derived  from  wolls,  springs,  and  small  streams, 
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and  contains  a  less  amount  of  mineral  salts  than  either  of 
these,  at  the  same  time  that  it  is  commonly  more  impreg- 
nated with  organic  matter.  A  large  river  flowing  over 
many  geological  formations  and  many  different  varieties  of 
soils,  may  be  naturally  expected  to  take  up  in  solution  a 
variety  of  mineral  matters,  and  therefore  to  present  a  greater 
number  of  ingredients  than  water  derived  from  a  more 
limited  area ;  and  this  we  generally  find  to  be  the  peculiar 
character  of  river  water. 

It  seldom  happens  that  the  water  of  a  large  river  can  be 
made  available  to  supply  a  town  by  gravitation.  Rivers 
usually  occupying  the  lowest  levels  of  a  country  have  in 
most  cases  to  be  pumped  to  a  considerable  height,  and  it 
seldom  pays  to  take  the  water  at  a  point  so  far  above  the 
town  that  it  will  flow  by  gravitation,  without  the  necessity 
for  pumping  at  all. 

So  small  a  proportion  of  the  New  River  water  now  flows 
by  gravitation  to  the  New  River  Head,  that  we  shall  not  be 
far  wrong  in  saying  that  the  whole  supply  of  the  metropolis 
—about  100  million  gallons  a  day— is  now  pumped  to  a 
height  of  200  feet,  in  order  to  afford  sufficient  pressure  for 
the  supply  of  London. 

VOLUME  OF  RIVERS. 

The  volume  of  water  carried  off  by  rivers  is  exceedingly 
various,  depending  on  many  conditions,  such  as  the  basin 
wbich  they  drain,  the  rainfall,  the  nature  of  the  soil  over 
which  they  flow,  &c.  In  the  larger  rivers  of  England  the 
volume  of  water  is  so  great  as  to  render  them  adequate 
to  supply  any  quantity  likely  to  be  required  for  many 
years  to  come  by  the  whole  population  seated  on  their 
banks.  From  300  to  3G0  million  gallons  per  clay  may 
be  takes  as  the  lowest  summer  discharge  of  each  of  the 
three  principal  rivers  in  England,  the  Thames,  the  Se- 
vern, and  the  Trent,  and  there  are  several  others  which 
nearly  approach  this  quantity.    Of  course  the  discharge  in 
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winter  and  in  seasons  of  flood  is  much  greater.  The  following 
very  valuable  table  has  been  published  by  Mr.  Beardmore, 
showing  the  summer  discharge  of  various  rivers,  streams,  arid 
springs,  when  uninfluenced  by  any  immediate  rain.  The  table 
also  contains  many  other  useful  particulars,  as  the  geological 
formations  through  which  the  rivers  flow,  their  height  above 
the  sea,  and  the  proportions  which  their  total  discharge  bears 
to  the  basin  or  drainage  area,  and  the  proportion  which  the 
volume  of  discharge  bears,  in  certain  cases,  to  the  total  rain- 
fall of  the  district. 

Table  of  ordinary  Summer  Discharge  of  various  Rivers, 
Streams,  and  Strings,  as  uninfluenced  by  any  immediate 
Rain,  with  the  Drainage  Area,  and  Amount  run  off  the 
Surface  represented  in  Depth  of  Rain. 


RIVERS. 


Thames,  at  Staines — chalk,  green- 
sand,  Oxford  clay,  oolites,  &c.  . 

Severn,  at  Stoncbench — Silurian  . 

Trent,  at  its  mouth — oolites  and 
Oxford  clay     .        .       .  . 

Loddon  (Feb.  1850),  greensand  . 

Nenc,  at  Peterborough — oolites, 
Oxford  clay  and  lias 

Mimram,  at  Panshanger — chalk  . 

Lea,  at  I  ,ea  Bridge — chalk.  (Ronnie, 
April,  1796.)  .       .       .  . 

Wandle,  below  Carshalton — chalk 

Medway,  driest  seasons  (Rennie, 
1787)— clay    .       .       .  . 

Ditto,  ordinary  summer  run  (Ren- 
nie, 1787) — clay 

Verulain,  at,  Bushcy  Hall — chalk  . 

Gade,  at  Hunton  Bridge — chalk 

Plym,  at  Sheepstor — granite 


40  to  7 
400  to  2, 


Height  above 
sea. 


Valley.  Hill 


feet. 


feet 


00  3 


GOO  3 


GOO  3 


100  to 
110  to  70(1 


10  to  600620-0 
200  to    500  29-2 


30  to  GOO 
70  to  350 


150lo  500 
150  to  500 
800  to  1,500 


Square 
miles. 


;,086 

i,900 


,921 
221-8 


5  70-0 

llll 

481-5 

481-5 
120-8 
GO -5 
7-G 


SI 


cubic  ft 
per 


40,000 
33,111 


3,000 

5,000 
1,500 

8,880 
1,800 

2,209 

2,520 
1,800 
2,500 
500 


tL  - 


cubic  ft 

per 
minute 


12-98 
8-49 


13-53 

8-45 
51-4 

15-58 
13-9 

4-  59 

5-  23 
1  10 
3G-2 
71-1 


-  ;  = 


inches 

293 
1-98 


301 

1-88 
11-58 

3-53 
9-93 

1-  04 

2-  19 

3-  37 
8T9 

15  10 


inches. 


24-5 


25-  4 

23-1 

26-  6 


24  0 


45-0 


Some  of  the  results  in  this  table  are  very  striking,  and  are 
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worthy  of  observation.    It  appears  the  Thames,  the  Severn, 
the  Loddon,  the  Medway,  and  the  Nene,  which  flow  over  a 
great  variety  of  surface,  many  of  them  little  absorbent,  all 
carry  off  in  the  middle  of  summer  less  than  one-eighth  part  of 
the  average  annual  rainfall.     Contrasted  with  this  are  two 
chalk  rivers,  the  Mimram  and  the  Wandle,  which  each  dis- 
charge at  lowest  summer  level  nearly  half  the  total  average 
rainfall.    This  shows  very  clearly  the  influence  of  the  springs 
by  which  such  rivers  are  mainly  fed.    Rivers  flowing  in  a  clay 
basin  are  only  fed  by  the  rain  falling  within  the  actual  basin ; 
and  as  this  rain  evaporates  very  slowly  in  winter  and  very 
rapidly  in  summer,  such  rivers  are  subject  to  great  winter 
floods  and  to  severe  summer  droughts.    The  flow  in  chalk 
districts  is,  however,  much  more  uniform,  because  the  rivers 
are  fed  by  springs  as  well  as  by  surface  drainage ;  hence  the 
water  stored  up  in  subterranean  reservoirs  is  discharged  by 
chalk  rivers  even  in  the  driest  seasons.    In  fact,  they  draw 
their  supplies  from  areas  beyond  their  actual  basin,  and  their 
discharge  is  much  more  uniform  throughout  the  year  than  in 
most  other  rivers. 

It  is  probable  that  the  two  other  chalk  rivers  in  Mr.Beard- 
more's  table,  namely  the  Verulam  and  the  Gade,  are  not  so 
largely  fed  from  springs  as  the  Mimram  and  the  Wandle,  the 
summer  discharge  of  these  not  much  exceeding  that  of  the 
clay  rivers. 

WORKS  OBTAINING  A  SUPPLY  FROM   DRAINAGE  AREAS. 

There  are  certain  geographical  and  physical  considerations 
connected  with  this  subject  which  it  will  be  proper  to  allude 
to  before  noticing  some  of  the  most  remarkable  works  of  this 
kind.  A  flat,  low-lying  country  is  seldom  well  adapted  for 
the  impounding  of  water  by  embanking  across  the  valleys. 
In  such  a  district  long  and  shallow  embankments  would  be 
required,  and  these  would  cause  the  water  to  spread  out  over 
a  great  area  with  a  very  shallow  depth.  Under  these  circum- 
stances the  water  is  apt  to  vegetate  and  become  highly  impure 
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Again,  in  the  low-lying  districts  of  flat  countries  the  rainfall  is 
seldom  nearly  so  great  as  in  upland  districts,  so  that  much 
larger  drainage  areas  must  be  sought.  The  water  power  is 
also  much  more  valuable  as  the  falls  of  rivers  become  less,  and 
a  much  larger  compensation  is  claimed  by  millers  for  the  water 
abstracted  for  economical  purposes. 

Nearly  all  these  conditions  are  reversed  in  the  elevated  dis- 
tricts and  among  the  older  rocks,  considered  geologically,  in 
contrast  with  those  of  the  secondary  and  tertiary  formations. 
It  follows  from  these  considerations  that  most  towns  situate 
in  low  and  flat  districts  are  supplied  from  neighbouring  rivers, 
while  those  in  more  elevated  districts,  such  as  the  great  manu- 
facturing towns  of  Yorkshire,  Lancashire,  and  some  in  Scot- 
land, are  chiefly  supplied  from  water  impounded  by  embank- 
ments across  the  valleys. 

In  addition  to  the  general  configuration  of  the  valleys,  which 
ought  to  be  deep,  and  with  precipitous  sides  flanked  by  lofty 
hills,  there  are  several  other  points  which  require  attentive  ex- 
amination in  projects  for  collecting  water  from  drainage  areas. 

These  are, 

1.  The  area  of  the  watershed. 

2.  The  geological  character  of  the  soil  as  affecting  its  capa- 
city to  absorb  rain  and  to  allow  the  infiltration  of  water  through 

it. 

3.  The  character  of  the  surface  soil  or  covering  of  the  dis- 
trict, as  affording  soluble  ingredients,  which  may  be  taken  up 
by  the  water  and  serve  to  contaminate  its  quality.  In  this 
point  of  view  districts  of  decomposing  peat,  districts  of  arable 
agricultural  land  richly  manured,  and  places  thickly  covered 
with  population,  arc  often  highly  objectionable. 

4.  The  rainfall  of  the  district,  and  especially  the  minimum 

fall  in  any  one  year. 

5.  The  nature  of  the  surface  soil  as  affording  facilities  for 
procuring  puddle  and  constructing  retentive  reservoirs. 

ii.  The  consideration  of  compensation  to  millowners,  and 
possibly  to  landowners,  where  the  water  is  used  for  irrigation. 
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The  geological  structure  is  extremely  important  in  estimating 
the  capacity  of  a  drainage  area.  It  is  not  alone  the  rain  which 
falls  on  the  sloping  surface  of  the  hills  and  finds  its  way  by 
gravitation  to  the  lower  levels,  but  the  effect  of  springs  is  also 
often  very  great  in  augmenting  the  quantity  of  water.  Mr. 
Beardmore  relates  an  instance  where  an  oolitic  district  was 
found  discharging  a  very  large  volume  of  water  with  scarcely 
any  drainage  area  lying  above  or  beyond  it.  In  this  case  the 
porous  strata,  with  a  very  small  dip  cropping  out  on  the 
sides  of  the  valley,  were  delivering  the  water  which  filtered 
into  them  far  beyond  the  limits  of  the  drainage  area,  as  indi- 
cated by  the  levels  of  the  surface.  In  fact,  many  districts  will 
be  found  to  have  a  geological  drainage  area  as  well  as  a  surface 
drainage  ;  and  it  often  happens  that  the  former  is  far  the  most 
important  of  the  two. 

Many  drainage  areas  are  also  valleys  of  elevation,  in  which 
the  strata  dip  in  opposite  directions  on  opposite  sides  of  the 
valley.  In  this  case  it  is  evident  that  much  of  the  rain  falling 
on  a  porous  surface  will  insinuate  itself  between  the  partings 
of  the  strata,  and  flow  off  in  a  direction  contrary  to  that  of  the 
surface  drainage.  In  this  case  we  shall  have  the  converse  of 
that  quoted  by  Mr.  Beardmore,  namely  very  large  drainage 
areas  yielding  a  very  small  volume  of  water,  and  therefore  very 
inadequate  as  storage  ground. 

In  tho  actual  examination  and  investigation  of  drainage 
areas  every  possible  case  will  be  found.  Some  will  yield 
only  the  quantity  due  to  the  surface  drainage,  and  will 
be  uninfluenced  by  springs  either  one  way  or  the  other. 
Some  will  yield  in  addition  spring  water  which  has  been 
absorbed  within  the  true  drainage  area,  and  other  districts 
will  yield  spring  water  from  a  more  distant  drainage.  A 
fourth  watershed  will  yield  far  less  than  the  quantity  due 
to  its  own  area  and  slopes,  owing  to  the  peculiar  dip  of 
the  strata,  a  peculiarity  which  has  been  already  alluded  to. 
All  tbese  points  require  accurate  and  minute  investigation 
in  every  special  case.  Nor  is  this  sufficient.  The  actual  dis- 
charge of  water  by  the  streams  must  be  gauged  day  by  day 
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for  several  years,  and  compared  with  the  indications  of  a  rain 
gauge,  kept  as  near  the  site  of  the  drainage  area  as  possible. 
If  the  quantity  of  rain  which  has  fallen  during  a  series  of  years 
be  known,  it  is  not  essential  to  have  the  streams  gauged  (luring 
each  of  those  years.  The  gauging  of  one,  two,  or  three  years 
may  be  sufficient  to  establish  the  proportion  between  rainfall 
and  actual  discharge.  This  proportion  must  then  be  applied 
to  the  minimum  rainfall  in  any  one  year  in  estimating  the  capa- 
bility of  the  reservoir. 

It  will  be  seen  in  the  following  table,  chiefly  taken  from  Mr. 
Beardmore's  valuable  work,  which  has  been  so  often  alluded 
to,  how  variable  are  the  proportions  which  obtain  between  the 
whole  rainfall  and  the  available  quantity  which  can  be  collected 
in  storage  reservoirs. 


NAME  OF  DRAINAGE  AREA. 


Bann  "Reservoirs  (moorland) 
Greenock  (flat  moor)  . 
Bute  (low  country) 
Glencorse  (Pentland  Hills)  . 
Belmont  (moorland)  181  .'5  . 

->        "44  . 

-        1845  . 
1846  . 

Rivington  Tike  . 

„       from  Stephenson' 

Report  (1847  &  1848)  . 

Turton  and  Entwistle  1836 
„  1«37 
A  si  1 1  on       .       •       •    _  • 
Drainage  areas  on  smith  side  oH 

Longridge  Fell,  near  Preston,  > 

May  1852,  to  April  1853  J 
Bateman's  ILvitlcnce  on  the  drain 
age  area  of  Longdendale 

First  half  of  1845.  very  dry 

Second  half  of  1845 

First  half  of  1846  . 

Oct..  Nov.,  &  Dee.,  1846 . 


Registered 

ruintall 
per  annum. 

Depth  ol  nun 
per  annum 

lowing  off  the 

surface  as  as- 
certained by 

gauging  of  the 
streams. 

Proportion  or 
percentage  of 
rainfall  which 
Hows  off  the 
surface. 

inches. 

inches. 

per  cent. 

72- 

48-0 

G6 

GO- 

110 

68 

45-4 

23-9 

r.3 

37-0 

22-3 

60 

63*4 

50-7 

SO 

50-0 

33-3 

G7 

5  5  0 

41-2 

7") 

49-8 

33-2 

G7 

,r)  .Vf) 

24-25 

4 1 

63*6 

•10-0 

63 

46-2 

410 

89 

48-2 

39-0 

81 

40-0 

15-5 
n.v:> 

39 
29 

54- 

i  18-0 

33 

[220 

43 

21-2 

1 

13-5 

64 

38  G 

27-25 

71 

22-5 

17-5 

78 

1D-2 

8-G7 

85 
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The  proportion  appears  to  range  from  one-third  to  four- 
fifths  of  the  whole  rainfall. 

The  preceding  tahle  represents  the  depth  of  rain  falling  per 
annum  on  certain  drainage  areas,  and  in  the  next  column  the 
depth  of  rain  which  will  produce  the  actual  quantity  flowing 
in  the  streams  and  rivulets  of  the  district.  The  difference 
between  the  two  depths  in  each  case  is  composed  of  the  fol- 
lowing : 

1.  The  loss  by  evaporation  and  the  moisture  entering  into 
vegetable  life. 

2.  The  amount  absorbed  by  the  soil,  sinking  into  the 
ground,  and  not  afterwards  given  out  by  springs  within  the 
drainage  area. 

The  third  column  of  the  table  shows  the  percentage  of  the 
whole  rainfall  which  can  be  collected. 

Mr.  Hawkesley  is  said  to  have  made  experiments  on  an 
area  of  100  square  miles,  which  showed  that  43  per  cent,  of 
the  whole  rainfall  could  be  collected  in  reservoirs. 

Mr.  Stirrat  found,  as  the  result  of  three  years'  experiments 
at  Paisley,  that  67  per  cent,  of  the  whole  rainfall  could  be  col- 
lected and  delivered  in  the  town. 

Some  very  accurate  experiments  were  made  in  America,  to 
ascertain  the  proportion  between  the  rainfall  and  the  depth 
which  could  be  collected  to  supply  the  reservoirs  of  the  Che- 
nango Canal.  These  experiments  were  made  in  Madison  County, 
New  York. 

One  experiment  was  made  on  the  watershed  of  Eaton  Brook, 
an  area  of  G,800  acres,  with  a  steep  slope,  and  a  compact  soil 
underlaid  by  hard  greywacke  rock,  elevated  1.350  feet  above  the 
sea.  The  quantity  of  water  flowing  off  this  drainage  area  was 
accurately  gauged  every  day  for  a  period  of  two  years,  and  was 
found  to  amount  to  66  per  cent,  of  the  whole  rainfall. 

Another  experiment  was  made  on  the  watershed  of  Madison 
Brook,  an  area  of  6,000  acres,  1,200  feet  above  the  sea.  The 
slopes  here  are  not  so  steep  as  in  Eaton  Brook  valley,  and  the 
soil  is  gravel,  resting  on  greywacke.    It  was  found  in  this 
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case  that  50  per  cent,  of  the  whole  rainfall  was  carried  off  by 
the  streams. 

Experiments  were  made  at  two  stations  on  the  drainage 
ground  of  the  Albany  Waterworks.  At  the  first  station, 
having  a  watershed  of  2,600  acres,  it  was  found  that  from  May 
till  October  inclusive  only  41}  per  cent,  of  the  rainfall  was 
carried  off  by  the  streams,  but  in  the  other  six  months,  from 
November  till  April  inclusive,  77'6  per  cent,  was  so  carried  off. 
This  was  in  the  year  1850  ;  but  in  the  very  next  year,  1851, 
the  streams  carried  off,  between  May  and  October  inclusive, 
no  less  than  82 -6  per  cent. 

On  another  area  of  8,000  acres  the  streams  carried  off,  from 
July  to  December  inclusive,  33-6  per  cent.,  and  from  January 
to  June  inclusive,  53"6  per  cent. 

The  following  table,  showing  the  capacity  of  reservoirs  in 
proportion  to  drainage  area,  is  taken  partly  from  Beardmore 
and  partly  from  other  sources. 


NAME  OF  RESERVOIR. 


Greenock  . 

Glencorse  (Edinburgh) 
Belmont  . 
Rivington  Pike. 
Turton  and  Entwistle 
Bolton  . 

Sheffield  

Ashton 

Longdendale  . 

Proposed  reservoir  for  Wolver- 
hampton Works  . 

Albany  Works,  U.S.  . 

Dihvorth  reservoir  of  Preston 
Works,  Lancashire 

Homcrsham's  estimate  of  24,000 
cubic  l'i  et  of  reservoir  to  each 
acre  of  drainage 


Drainage 
area. 

Square  miles. 

Reservoir 
Room  per 
square  mile 
in  millions  of 
cubic  feet. 

rot?l  capacity 
of  reservoir  in 
millions  of 
cubic  feet. 

7-88 

38 

300 

6-00 

7  GO 

46 

2-81 

208 

75 

10-25 

290 

481 

318 

3143 

100 

•80 

25-6 

20 

1- 12 

36-5 

52 

■59 

210 

12 

238 

12-3 

292 

224 

•7 

10 

29 

11 

32 

•092 

510 

5 

1 

15-3G 

15-36 

IMPOUNDING  RESERVOIRS. 


338 


CAPACITY  OF  IMPOUNDING  RESERVOIRS  IN  PROPORTION    TO  THE 
SUPPLY   TO   BE  AFFORDED. 

The  Eivington  Pike  reservoir  was  to  contain  3,156  million 
gallons,  and  was  intended  to  supply  Liverpool  with  an  ave- 
rage of  13  million  gallons  a  day,  besides  8  million  gallons  a 
day  to  millers.  Hence  it  is  calculated  to  hold  150  days' 
average  supply. 

The  compensation  reservoir  of  the  Gorbals  Gravitation 
Works  for  the  supply  of  part  of  Glasgow,  contains  12  million 
cubic  feet,  and  covers  an  area  of  30  acres. 

The  other  reservoir  covers  an  area  of  40  acres,  and  con- 
tains 38  million  cubic  feet  of  water,  or  about  80  days'  supply; 

The  reservoir  of  the  Bolton  Works  contains  nearly  21 
million  cubic  feet,  and  has  to  supply  900,000  gallons  a  day, 
so  that  it  holds  146  days'  supply. 

The  Belmont  reservoir  contains  75  million  cubic  feet,  and 
has  to  supply  nearly  3+  million  gallons  a  day,  so  that  it  con- 
tains about  136  days'  supply. 

The  Longdendale  reservoirs  for  Manchester  were  to  con- 
tain 292  million  cubic  feet,  and  were  intended  to  furnish  a 
supply  for  Manchester  (including  the  compensation  to  millers) 
equal  to  74  days. 

The  reservoirs  of  the  Preston  Works  are  four  in  number, 
at  different  levels  above  the  town,  varying  from  448  feet  to 
50  feet.  They  contain  when  full  167  millions  of  gallons,  or 
about  half  a  year's  supply  for  the  population  of  80,000  persons. 

DIMENSIONS  OF  EMBANKMENTS  FOR  IMPOUNDING  RESERVOIRS. 

Bateman's  Compensation  Reservoir  at  Longdendale  has 
an  area  of  123;f  acres,  and  contains  nearly  155  million  cubic 
feet.  The  embankment  is  27  feet  wide  at  top,  and  4  feet 
high  above  top  water  ;  inside  slope  3  to  1,  outside  2  to  1. 

His  Crowden  reservoir  has  an  area  of  18  acres,  contains 
J  8, 1.93,600  cubic  feet,  the  embankment  is  15  feet  wide  at  top, 
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4  feet  high  above  surface  of  water,  and  the  same  slopes  as  the 
Compensation  reservoir. 

The  embankment  for  the  impounding  reservoir  of  the  Great 
Croton  Waterworks  for  supplying  New  York  is  composed  of 
earthwork,  with  a  base  of  275  feet.  Behind  this  is  a  mass  of 
masonry,  8  feet  wide  at  top  and  65  feet  at  the  base.  The 
masonry  is  built  upright  on  the  upstream  side,  or  that  adjoin- 
ing the  earthen  embankment,  but  with  occasional  offsets.  The 
outer  face  of  the  masonry  has  a  curved  form,  so  as  to  pass  the 
water  over  without  giving  it  a  direct  fall  on  the  apron  at  the 
foot.  The  apron  is  formed  of  timber,  stone,  and  concrete,  and 
extends  some  distance  from  the  base  of  the  masonry,  so  as  to 
afford  protection  at  the  point  where  the  water  has  the  greatest 
force. 

A  lower  dam  has  been  built  at  the  distance  of  100  yards 
below  the  masonry  of  the  main  dam  in  order  to  pen  up  and 
form  a  basin  of  water  setting  back  over  the  apron  at  the  toe  of 
the  main  dam,  in  order  to  break  the  force  of  the  water  falling 
on  it.  This  lower  or  secondary  dam  is  formed  of  round  timber, 
brushwood,  and  gravel. 

RESERVOIRS   OF  THE    GORBALS  GRAVITATION-WORKS. 

The  Hyatt's  Lynn,  or  upper  reservoir,  which  holds  the  com- 
pensation water  for  the  millers,  covers  30  acres  of  ground,  and 
has  a  capacity  of  75  million  gallons,  the  surface  of  water  being 
300  feet  above  the  Broomielaw  quay  at  Glasgow.  It  is  formed 
by  an  embankment  about  450  feet  in  length,  with  a  height  in 
the  centre  of  40  feet. 

The  lower  orWaukmill  reservoir  covers  an  area  of  40  acres, 
and  has  a  capacity  of  38  million  cubic  feet.  It  is  formed  by 
an  embankment  about  550  feet  in  length,  with  an  extreme 
height  of  55  feet. 

AMERICAN  WORKS. 

The  dams  constructed  by  Mr.  McAlpine  for  the  reservoirs 
of  the  Albany  Works  were  10  feet  wide  at  top,  and  were  carried 
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up  8  feet  above  top  water  line.  The  slope  on  the  outside  is  2 
to  1,  and  the  inside  has  the  same  slope  to  the  bottom  of  the 
conduit,  where  a  berm  of  5  feet  wide  is  made,  and  thence  to 
the  bottom  of  the  dam  is  a  slope  of  3  to  1 .  The  inner  slope 
of  the  bank  is  pitched  with  stone  to  the  level  of  the  bottom  of 
the  conduit,  and  the  top  and  outer  slopes  are  covered  with  turf. 
Through  the  bank  is  carried  up  a  puddle  wall,  8  feet  wide  at 
the  top,  and  increasing  in  width  at  the  rate  of  4  feet  for  every 
10  feet  of  depth. 

His  dams  for  the  reservoirs  of  the  Brooklyn  Works  are  20 
feet  wide  at  top,  and  carried  up  5  feet  above  top  water  line. 
The  slope  on  the  outside  is  2  to  1,  and  on  the  inside  3  to  1. 

In  the  centre  of  the  bank  is  a  puddle  wall  of  clay,  8  feet 
wide  at  top,  which  is  3  feet  below  the  top  of  the  dam,  and  in- 
creasing in  width  at  the  rate  of  4  feet  for  each  10  feet  of  depth. 
The  top  and  outer  slope  of  the  dam  are  covered  with  turf,  and 
the  inner  slope  is  protected  by  stone  pitching  to  the  level  of 
the  conduit. 

Great  precautions  are  necessary  in  the  construction  of  large 
embankments  for  the  purpose  of  impounding  water.  An  accu- 
rate examination  of  the  ground  is  essential,  to  determine  whe- 
ther the  seat  of  the  embankment  requires  puddling,  in  which 
case  the  puddle  of  the  seating  should  be  perfectly  joined,  and 
worked  into  the  puddle  trench  carried  up  through  the  middle 
of  the  bank. 

The  bank  should  be  formed  in  layers  not  exceeding  2  or  3 
feet  in  thickness,  and  should  be  kept  higher  at  the  sides,  espe- 
cially the  outer  side,  than  in  the  centre,  and  every  means  should 
be  taken  to  consolidate  the  materials  and  prevent  slips.  A  ju- 
dicious examination  of  the  material  to  be  used  is  also  necessary, 
as  any  kind  of  clay  approaching  in  its  nature  to  '  fullers'  earth ' 
would  be  highly  objectionable,  owing  to  its  property  of  being 
acted  on  by  water. 

Mr.  Thorn,  of  Glasgow,  who  has  had  great  experience  in  the 
construction  of  these  works,  recommends  that  the  embank- 
ments should  have  a  slope  of  not  less  than  3  to  1  on  the  water 
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side.  He  does  not  approve  of  puddled  trenches  in  the  bank  ; 
but  after  excavating  the  foundation  to  such  a  depth  as  to  be 
firm,  and  to  prevent  the  passage  of  water,  he  forms  the  bank-by 
spreading  alternate  layers  of  puddled  peat  or  alluvial  earth  and 
gravel,  beating  them  well  with  wooden  dumpers  till  they  are 
completely  mixed.  He  then  covers  the  slopes  with  a  puddle 
made  of  small  stones  or  furnace  cinders  mixed  with  clay,  so  as 
to  prevent  the  possibility  of  moles  or  other  vermin  penetrating 
into  the  embankment.  Mr.  Thom  refers  to  many  reservoirs 
be  has  constructed  in  this  way  without  puddle  trenches,  at 
Greenock,  Paisley,  and  elsewhere. 

COST   OF   IMPOUNDING  RESERVOIRS. 

This  has  been  very  variable,  owing  to  the  great  range  of 
prices,  which  in  some  cases  have  not  exceeded  6d.  per  cubic 
yard  for  the  bank,  while  in  others  the  price  has  been  Is.  The 
following  are  some  examples  showing  the  cost  of  large  reser- 
voirs, including  every  expense  of  earthwork,  puddling,  pitch- 
ing, waste-weirs,  valves,  &c,  but  exclusive  of  land. 

Bateman's  Crowden  reservoir,  to  contain  18,493,600  cubic 
feet  of  water,  to  cost  3610,100,  or  £561  per  million  cubic  feet. 

His  Armfield  reservoir,  containing  38,755,550  cubic  feet,  to 
cost  3617,065,  or  36438  per  million  cubic  feet. 

His  Hollingworth  reservoir,  containing  12,348,100  cubic 
feet,  to  cost  365,500,  or  36458  per  million. 

His  Armfield  Moor  reservoir,  containing  13,072,581  cubic 
feet,  to  cost  36S,H)0,  or  36623  per  million. 

His  Tetlow  Fold  reservoir,  containing  8,849,310  cubic  feet, 
to  cost  366,500,  or  36722  per  million. 

All  the  above  arc  connected  with  Mr.  Bateman's  Longden- 
dale  Scheme  for  supplying  Manchester,  ami  appear  to  be  esti- 
mated at  fair  prices,  the  embankments  being  taken  at  1*.  per 
cubic  yard,  including  puddle 

His  large  compensation  reservoir  for  t lie  millers  is  to  contain 
154,573,420  cubic  feet,  and  to  cost  .-61 1,250,  or  at  the  rate  of 
only  ,:67.''.  per  million  feet.    This  is  so  much  at  variance  with 
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all  the  others,  that  there  must  be  something  peculiar  to  account 
for  it.  One  must  either  conceive  a  remarkably  favourable  con- 
figuration iu  the  valleys  to  admit  of  such  an  enormous  volume 
of  water  being  dammed  up  by  a  comparatively  small  embank- 
ment, or  assume  that  a  lake  or  body  of  water  already  exists  at 
the  place  in  question,  and  that  the  proposed  embankment  will 
increase  its  volume  to  the  extent  indicated  by  the  figures. 

The  Spade  Mill  reservoir,  on  the  Preston  Waterworks,  con- 
tains 20,934,824  cubic  feet,  and  was  estimated  at  .£5625,  or 
£268  per  million  feet. 

^  The  Knowl  Green  reservoir,  on  the  same  Works,  contains 
7,2o6,869  cubic  feet,  and  was  estimated  at  £4,288,  or  £612 
per  million. 

In  the  preceding  examples  the  prices  appear  to  range  from 
£268  to  more  than  £700  per  million  feet;  this  great  differ- 
ence being  chiefly  caused,  not  by  the  difference  of  price,  which 
is  nearly  the  same  in  each  case,  but  principally  by  the  variation 
of  shape  and  form  in  the  valleys,  some  of  which  admit  so  much 
more  readily  than  others  of  water  being  stored  up.  Most  of 
these  examples  are  taken  from  districts  of  millstone  grit,  where 
(he  valleys  are  deep  and  the  sides  precipitous.  When  embank- 
ments are  made  across  valleys  of  a  more  open  character,  and 
with  flatter  slopes,  the  cost  of  water  stored  up  will  evidently 
be  much  greater. 


IMPOUNDING   RESERVOIRS   WITH    DAMS    OF  MASONRY. 

These  have  not  been  much  used  in  this  country,  but  have 
been  extensively  adopted  in  France  by  eminent  engineers  ot 
that  country.  Mr.  Conybeare,  in  his  Report  on  the  supply  0f 
water  to  Bombay,  quotes  three  examples  of  large  stone  dams 
executed  on  the  Canal  du  Midi  and  other  canals  in  France 
These  dam,  vary  in  height  from  40  to  70  feet,  and  are  con- 
structed according  to  a  formula  given  in  the  Aide-memoire 
and  vvh.cn  is  commonly  followed  by  the  French  engineers  In 
this  formula  the  thickness  of  the  wall  is  made  as  follows  —at 
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bottom  seven-tenths  of  the  height,  at  middle  five-tenths,  and 
at  top  three-tenths. 

These  dams  of  masonry,  it  is  believed,  would  be  much  more 
expensive  than  earthworks  in  this  country  ;  and  from  a  com- 
parative estimate  made  by  Mr.  Conybeare  for  his  own  case 
of  the  Bombay  Works,  he  found  that  while  a  dam  of  masonry 
would  cost  £235  per  yard  forward,  one  of  earthwork  would 
only  cost  s6100. 

SERVICE  RESERVOIRS. 

This  is  the  name  given  to  the  small  reservoirs  holding  from 
one  to  three  days'  supply,  which  are  constructed  in  the  immediate 
neighbourhood  of  a  town.  The  most  useful  kind  of  service 
reservoir  is  one  situate  upon  an  eminence  at  a  sufficient  height 
to  give  high  pressure  over  the  tops  of  all  the  houses.  Some- 
times however  the  service  reservoir  is  at  such  a  low  level  that 
the  water  has  to  be  pumped  up  from  it.  Under  all  circum- 
stances, however,  the  contents  of  the  service  reservoir  will  be 
available  in  case  of  any  accident  happening  to  the  main  which 
supplies  it,  or  to  any  more  distant  part  of  the  works. 

Service  reservoirs  as  formerly  constructed  were  commonly 
mere  open  ponds,  either  with  upright  or  sloping  sides,  lined 
either  with  concrete,  brickwork,  or  masonry.  The  sanitary 
principles  of  the  present  day,  however,  seem  to  require  that, 
at  all  events  in  the  neighbourhood  of  large  towns,  the  ser- 
vice reservoirs  should  be  covered  over  with  a  roof  either  of 
brick  or  stone.  The  advocates  of  covered  reservoirs  not  only 
claim  in  their  favour  the  advantage  of  preserving  the  water  li  re 
from  soot  and  the  atmospheric  impurities  of  large  towns,  but 
they  also  insist  strongly  on  the  superiority  which  the  water 
possesses  in  other  respects  when  stored  in  covered  reservoirs. 
The  principal  of  these  arc  the  uniform  temperature  and  the 
freedom  from  vegetation,  which  is  found  to  be  a  serious  annoy- 
ance, especially  in  water  from  the  New  lied  Sandstone,  when 
exposed  to  the  action  of  air  and  light. 

The  construction  of  covered  service  reservoirs  is  extremely 
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simple.  A  series  of  parallel  walls  or  piers  is  built  throughout 
the  reservoir,  and  between  these  arches  are  turned  of  half  a 
brick  or  one  brick  in  thickness,  according  to  the  span  or  dis 
tance  between  the  piers.    The  arches  are  either  semicircles 
or  flat  segments  of  a  circle.     Other  covered  reservoirs  are 
constructed  by  building  parallel  rows  of  brick,  iron,  or  stone 
columns   which  support  cast-iron  girders,  and  from  these 
girders  the  arches  spring,  as  before. 

The  cost  of  covered  reservoirs  varies  from  30*.  to  £3  per 
thousand  gallons  of  capacity.  One  of  the  cheapest  covered 
reservoirs  which  have  been  constructed  is  that  of  the  Wolver 
hampton  Waterworks  at  Goldthorn  Hill,  from  the  designs  of 
Mr.  Marten.  This  reservoir  is  in  two  parts,  containing  toge- 
ther  I  300,000  gallons,  and  the  cost  exclusive  of  land  is  slid 
not  to  have  exceeded  .=£2,200. 

The  covered  reservoirs,  with  solid  brick  piers,  appear  to  be 
somewhat  less  expensive  than  those  built  with  brick  arches 
supported  on  iron  columns  and  girders. 

The  following  trial  estimates,  made'  in  my  own  office  for 

c»«  „, Rese„oi[.  ™ 

1    m:n-       „  cross  walls.  and  girders. 

1  million  gallons  .  .  .  £  2696  .  £9990 
H  million    do.  .  .  .  gsgg 

2  mlUion  •  •  •        4162  .    i    .'  4^9 

The  above  prices  do  not  include  the  cost  of  land,  sluices 
or  culverts.  ' 

One  of  the  best  and  most  recent  examples  of  elevated 
service  reservoirs  is  that  erected  by  the  late  Mr.  Simpson  on 
1  utney  Heath,  for  the  new  Works  of  the  Chelsea  Company 

In  the  works  designed  by  Mr.  Simpson  for  this  Company 
here  is  an  obvious  advantage  over  the  schemes  of  the  other 
London  Companies,  namely  that  the  water  is  pumped  up  to 
;7  lntrmedm  °  SUmmit  r«oir  on  Putney  Heath,  capable 
Of  containing  10  million  gallons,  and  from  this  reservoir  the 
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water  gravitates  to  all  parts  of  the  Chelsea  district.  The 
spot  selected  for  the  reservoir  is  the  highest  ground  on 
Putney  Heath,  being  situate  immediately  on  the  west  side  of 
the  Old  Portsmouth  Road,  and  also  adjoining  the  west  side 
of  the  road  from  Wimbledon  to  Fulham.  This  part  of  the 
heath  is  distant  six  miles  from  Seething  Wells  near  Thames 
Ditton,  where  the  new  supply  is  taken  from  the  river  Thames, 
and  165  feet  above  the  river  at  that  point. 

The  Works  at  Putney  Heath  consist  of  a  doable  covered 
reservoir,  to  contain  filtered  water  for  the  domestic  consump- 
tion of  the  district,  and  of  a  smaller  open  reservoir,  to  contain 
unfiltered  water  for  the  supply  of  the  Serpentine,  and  to  fill 
a  main  pipe  for  the  purpose  of  watering  the  streets.  The 
covered  reservoir  is  in  duplicate,  each  part  having  an  area  at 
the  water  surface  of  310  feet  by  160  feet,  and  a  depth  of 
20  feet,  the  sides  all  round  having  a  slope  of  1  to  1.  This 
gives  a  mean  area  of  290  feet  by  140  feet,  and  a  capacity  of 
5,075,000  gallons  for  each  reservoir,  inclusive  of  the  space  oc- 
cupied by  the  piers.   Hence  the  whole  capacity  may  be  taken, 
as  stated  by  Mr.  Simpson  in  his  Evidence,  at  10  million  gal- 
lons    The  sides  of  the  reservoir  are  cut  out  in  the  form  ot 
Steps  which  are  filled  up  with  concrete  to  a  uniform  slope  ot 
1  to  1    A  bed  of  concrete  one  foot  in  thickness  is  also  laid  over 
the  whole  bottom.    Each  half  of  the  reservoir  is  covered  with 
S  brick  arches,  averaging  rather  less  than  20  fee.  .pan.  the 
side  arches  being  each  20  feet  span,  and  the  others  18  fee  8 
niches.    The  piers,  supporting  these  arches,  are  built  Length- 
ways, and  are  each  310  feet  long  at  top  and  270  feel  at  base 
The  arches  are  each  one  brick  in  thickness,  and  are  covered 
over  with  a  layer  of  puddle,  the  haunches  being  filled  up  with 
concrete.    The  piers  are  carried  up  14  inches  thick,  but  the 
division  wall  between  the  two  parts  is  rather  more  than .  4  feet 
thick,  with  a  concrete  slope  of  1*  to  1  on  each  side. 
inch  piers  supporting  the  arches  are  bnill  with  large  cncular 
hollows  17.',  feet  diameter.   The  centres  of  these  cncular  hol- 
lows are  40  feel  a,,..!,  so  thai  solid  brickwork  23  feet  lung  is 
lefl  between  the  circular  hollows,  supposing  a  horizontal  sec- 
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fion  taken  through  the  centres  of  the  hollows.  Each  of  the 
23-feet  spaces  has  a  14-inch  counterfort  carried  out  at  right 
angles.  These  counterforts  occur  at  intervals  of  26  feet  and 
13  feet  alternately,  and  project  6  feet  wide  at  the  base  on  each 
side  of  the  pier,  and  run  out  to  nothing  at  the  top  or  springing 
of  the  arches.  In  each  of  the  13-feet  spaces  between  the  coun- 
terforts there  is  a  smaller  circular  hollow  of  5£  feet  diameter. 
The  arches  spring  from  skewbacks  formed  of  carefully  moulded 
bricks,  perforated  longitudinally  with  inch  hollows.  These 
bricks  are  made  at  Kiugston-upon-Thames  by  machinery  ex- 
pressly designed  for  the  purpose.  The  versed  sine,  or  rise  of 
the  arches,  is  4  feet  3  inches,  or  rather  more  than  one-fifth  of  the 
span.  Each  arch  is  provided  with  two  openings  in  the  centre, 
communicating  with  a  line  of  12-inch  earthenware  tubular  pipe, 
which  passes  through  the  spandrils,  and  communicates  with 
perforated  iron  tops  in  the  division  wall  between  the  two  parts 
of  the  reservoir.  By  this  contrivance  the  space  above  the 
water  in  the  covered  reservoirs  is  effectually  ventilated. 

The  supply-pipe  from  Thames  Ditton  is  30  inches  diameter, 
and  comes  into  each  part  of  the  reservoir  at  the  level  of  top- 
water,  which  is  a  few  inches  below  the  springing  of  the  arches. 
At  this  level  a  waste  weir  or  overflow  is  fixed,  to  prevent  the 
reservoir  from  being  filled  too  full.  The  exit  mains  to  London 
consist  of  two  24-inch  pipes,  and  they  pass  off  from  the  bot- 
tom of  the  reservoir  which  has  an  inclination  in  one  direction 
of  1  in  20,  and  a  fall  across  of  G  inches.  The  surface  of  top- 
water  in  the  reservoirs  will  be  1G3  feet  above  Trinity  high- 
watermark,  the  highest  part  of  the  district  to  be  supplied  being 
Queen's  Itoad,  Kensington,  where  the  houses  stand  on  ground 
I  35  feet  above  Trinity  high-water  mark,  and  where  the  ground 
immediately  beyond  the  houses  is  145  feet  high.  To  supply 
the  tops  of  these  houses  a  stand-pipe,  45  feet  in  height  above 
the  surface  of  the  reservoir,  will  have  to  be  erected. 
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Open  Reservoir  at  Putney  Heath. 

Closely  adjoining  these  covered  reservoirs,  and  on  the  north 
side  of  them,  is  the  open  pond  to  contain  the  unfiltcred  water  for 
flushing  sewers,  watering  streets,  and  supplying  the  Serpentine 
in  Hyde  Park.  The  area  of  this  reservoir  is  194feetby  104  feet 
at  top.  The  depth  is  12  feet,  with  concrete  slopes  of  H  to  1. 
Hence  the  mean  area  is  172  feet  by  86,  and  the  capacity,  when 
full,  something  more  than  a  million  gallons.  The  supply-pipe 
into  this  reservoir  is  15  inches  diameter,  and  enters  at  the 
bottom,  discharging  through  two  openings  fitted  with  valves, 
which  open  only  to  admit  the  water,  but  will  not  allow  it  to 
run  back.  The  entering  pipe  is  continued  vertical  to  a  height 
above  the  surface  of  water,  in  order  to  admit  of  the  escape  of 
air,  &c.  The  surface  of  water  in  this  reservoir  is  6|  feet  above 
that  in  the  covered  reservoir:  this  is  to  produce  a  more 
efficient  discharge  through  the  12-inch  pipe  which  leads  to 
London. 

The  12-inch  discharge  pipe  goes  off  from  a  circular  well  sunk 
5  feet  below  the  floor  of  the  reservoir,  which  has  a  fall  or  slope 
of  IS  inches.  The  depth  of  water  is  therefore  12  feet  at  the 
upper  part,  and  13|  feet  at  the  lowest. 

FILTER-BEDS. 

There  arc  two  distinct  methods  of  constructing  these,  in  one 
of  which  the  various  kinds  of  filtering  material  are  placed  in 
compartments  side  by  side,  while  in  the  other  kind  of  filter- 
bed  the  materials  arc  placed  in  successive  layers  one  above  the 
other.  The  first  is  the  method  commonly  adopted  in  Scot  bind, 
us  used  for  the  Gorbals  Works,  and  for  the  Works  at  Poisley, 
Kilmarnock,  and  other  (owns.  The  Scotch  system  of  filtration 
is  also  that  which  has  been  adopted  by  Mr.  Wrigg  in  the  new 
Works  which  be  is  executing  for  the  town  of  Preston  in  Lan- 
cashire. The  other  mode,  namely  that  of  filtration  by  de- 
scent through  successive  horizontal  layers,  was  first  adopted  in 
England  by  Mr.  Simpson  for  the  Chelsea  Works,  and  tins 
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since  been  followed  in  all  those  numerous  English  Waterworks 
in  which  filtration  is  practised  at  the  present  day. 

Scotch  System  of  Triple  Filtration. 

The  filters  of  the  Gorbals  Gravitation  Works  of  Glasgow 
afford,  perhaps,  the  best  example  of  the  filtration  through 
compartments.  They  were  designed  to  filter  about  3  million 
gallons  per  day,  but  the  quantity  is  gradually  increasing,  hav- 
ing been  2,904,000  in  1852,  and  3,274,000  in  1854,  with  a 
further  increase  during  the  last  year. 

The  filters  are  situate  on  the  brow  of  a  hill  about  330  yards 
distant  from  the  Regulating  House,  and  the  water  is  carried 
along  the  sloping  surface  of  the  ground  in  an  arched  stone  cul- 
vert, which  is  laid  on  a  dead  level  all  the  way.  The  culvert  is 
flat-bottomed,  4  feet  wide  and  4  feet  high. 

The  filters  occupy  a  rectangular  space  360  feet  long  by  80 
feet  wide.  The  length  of  360  feet  is  separated  into  two  com- 
partments by  a  division  wall,  and  the  breadth  of  75  feet,  is 
divided  into  three  spaces  on  each  side  of  this  division.  The 
filter  may  be  described,  therefore,  as  a  double  range  of  three 
compartments,  each  range  being  180  feet  long  and  75  feet 
wide.  The  first  compartment,  or  that  nearest  to  the  delivery 
culvert,  is  15  feet  wide  and  \\  feet  deep,  being  filled  with 
broken  freestone.  The  second  compartment  is  nearly  24  feet 
wide,  and  is  filled  with  gravel  to  a  depth  of  3  feet.  The  third 
compartment  is  34  feet  wide,  and  is  filled  with  coarse  sand  to 
a  depth  of  2  feet.  The  bottom  of  all  the  three  compartments 
in  each  range  of  filters  is  on  the  same  level,  and  was  thus 
prepared  : — the  bottom,  after  being  excavated  to  the  proper 
depth  and  well  levelled,  was  filled  with  one  foot  of  puddle,  and 
on  this  was  placed  a  layer  of  small  stones  or  very  coarse  gravel, 
which  was  well  beaten  in,  to  form  a  surface  proper  for  the  re- 
ception of  a  layer  of  cement  one  inch  in  thickness. 

On  tb  is  layer  of  cement  rows  of  brick  on  edge  are  laid,  one 
inch  apart  longitudinally,  and  10  inches  apart  from  centre  to 
centre,  measured  transversely.     On  this  open  groundwork  of 


344  FILTER-BEDS. 

bricks  rests  a  close-set  flooring  of  tiles  one  inch  thick  per- 
forated  all  over  with  holes  one-eighth  of  an  inch  in  diameter. 
This  foundation  is  the  same  for  each  of  the  filter-beds,  but  the 
material  with  which  they  are  filled  is  different,  as  already 
stated.  The  broken  freestone  in  the  first  compartment  is  in 
pieces  about  the  size  to  which  road-metal  is  commonly  broken, 
namely  such  as  will  pass  through  a  2|-inch  ring.  The  second 
compartment  contains  screened  gravel,  and  the  third  contains 
coarse  sand  procured  from  the  larger  Cumrae  Island,  in  the  Frith 
of  Clyde.  The  culvert  which  conveys  the  water  to  be  filtered 
approaches  at  one  corner  of  the  compartment  filled  with  the 
freestone,  and  passes  along  the  whole  length  of  the  two  ranges 
at  the  back  of  this  compartment.  This  part  of  the  culvert  is 
a  rectangle,  4  feet  wide,  2\  feet  high,  and  is  covered  over  by  fl- 
inch flags,  through  which  pass  the  screwed  rods  of  a  series  of 
sluices  with  adjusting  nuts  at  the  top.  Each  range  of  filters  is 
provided  with  10  sluices.  The  openings  of  the  sluices  are  long 
and  narrow,  so  as  to  admit  the  water  in  a  thin  sheet  on  to  the 
surface  of  the  first  or  coarse  filtering  compartment. 

Between  each  of  the  filtering  compartments  is  a  passage  two 
feet  wide,  and  extending  the  whole  length  of  the  two  ranges  of 
filters,  in  which  the  water  rises  up  to  its  original  level,  after  hav- 
ing passed  down  through  the  filtering  medium.  There  is  also  a 
similar  passage  between  the  third  or  final  filtering  medium  and 
the  pure  water  basin.  Each  of  these  passages  is  provided  with 
twelve  sluices,  to  admit  the  water  from  under  the  filter-beds. 
The  process  of  filtration  will  now  be  readily  understood.  The 
water  passing  from  the  regulating  valve-house  through  the  cul- 
vert already  described,  proceeds  along  at  the  back  of  the  coarse 
filtering  medium,  and  the  sluices  being  open,  it  spreads  gently 
over  the  surface  of  broken  freestone,  through  which  it  perco- 
lates with  considerable  freedom.  Having  passed  through  tins 
il  funis  its  way,  by  means  of  the  perforated  tiles  and  the  open 
brick  channels  on  which  they  rest,  into  the  first  passage,  where 
it  rises  nearly  to  the  level  of  the  first  filtering  bed.  At  this 
leve1  it  pours  over  in  a  thin  film  on  to  the  surface  of  the 
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second  or  gravel  filter,  the  top  level  of  which  is  18  inches 
lower  than  that  of  the  freestone.  Here  it  goes  through  the 
same  process  as  before,  and  then  enters  the  sand  filter,  which 
again  is  18  inches  below  the  level  of  the  gravel.  Finally,  hav- 
ing passed  through  the  sand  filter,  the  water  rises  in  the  third 
passage  and  falls  over  into  the  pure  water  basin,  which  consists 
of  two  compartments,  each  180  feet  long  and  66  feet  wide. 
The  side  walls  of  the  pure  water  basin  have  each  a  batter  of 
3  feet  on  the  inside,  so  that  the  breadth  at  bottom  is  reduced 
to  60  feet.  The  depth  of  water  is  commonly  about  16  feet. 
The  duplicate  arrangements  of  the  filters  and  pure  water  basins 
afford  convenient  facilities  for  emptying  and  cleansing  at  any 
time,  without  interfering  with  the  progress  of  the  Works. 

An  ingenious  arrangement  is  adopted  for  cleansing  the  filter- 
beds  by  means  of  an  upward  current  of  water,  which  carries 
the  impurities  that  have  been  deposited  up  to  the  surface  of 
the  bed,  where  they  are  floated  off  to  the  drains.  This  cleans- 
ing current  is  brought  by  a  G-inch  pipe  from  the  level  of  the 
culvert  before  it  discharges  into  the  first  filter-bed.  The  6-inch 
pipe  passes  under  the  division  wall  between  the  two  ranges  of 
filters,  and  a  stop  valve  branches  off  into  each  of  the  first  com- 
partments. "When  it  is  desired  to  cleanse  by  means  of  the 
upward  current  the  first  compartment  of  the  filter-bed,  the 
sluices  communicating  between  it  and  the  first  or  adjoining 
passage  are  closed.  The  same  movement  of  the  spindles  which 
closes  these  bottom  sluices  opens  those  at  the  top,  and  the 
upward  current  of  water,  carrying  with  it  the  deposited  matter 
mixed  with  the  broken  freestone,  is  taken  off  by  a  drain  which 
passes  under  the  division  wall.  In  the  same  way  the  second 
and  third  filters  are  cleansed  by  the  ascending  current,  which 
is  admitted  to  them  by  opening  the  bottom  sluices,  and  allow- 
ing the  current  from  the  6-inch  pipe  to  enter  the  filtering  bed 
at  the  bottom. 

Filter-beds  of  the  Chelsea  Waterworks. 

The  filter-beds  at  the  old  Works  of  this  Company  on  Thames 
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Bank  were  constructed  about  the  year  1839,  and  have  served 
as  a  model  for  most  of  those  which  have  since  been  con- 
structed. 

The  old  filter-beds  were  two  in  number,  the  southern  one 
being  rectangular,  240  feet  long  by  180  feet  wide,  and  tbe 
northern  one  351  feet  in  extreme  length  by  180  feet  wide 
'J  hese  filter-beds  bad  an  area  of  9,000  yards  ;  and  taking  the 
average  daily  quantity  filtered  in  1853,  the  area  appears  to  be 
at  the  rate  of  one  square  yard  to  G26  gallons.  Tbe  sides  of 
the  filter-beds  were  embanked  to  a  height  of  12  feet  above  the 
natural  surface  of  the  ground.  The  slopes  were  covered  with 
turf.  The  bottom  was  puddled  with  clay  18  inches  in  depth. 
In  the  northern  filter-bed  were  nine  brick  tunnels,  and  in  the 
southern  eleven,  which  were  laid  upon  the  clay  puddle,  and 
extended  from  one  end  of  the  filter-bed  to  the  other.  Each 
of  the  tunnels  was  3  feet  in  diameter  and  18  inches  thick, 
built  with  every  alternate  brick  left  out,  so  as  to  form  a  free 
passage  for  tbe  water  into  the  tunnels.  The  brick  tunnels 
were  then  surrounded  on  all  sides,  and  covered  over  to  the 
depth  of  2  feet  with  coarse  gi  ivel.  Above  this  was  a  layer  of 
0  inches  of  shells,  upon  this  a  bed  of  coarse  sand,  and  then  a 
bed  of  fine  saud.  The  depth  of  the  beds  above  the  gravel  was 
about  5  feet.  A  deposit  of  2  or  3  inches  in  depth  was  formed 
on  the  sand,  and  required  to  be  washed  off  at  intervals.  Tbis 
operation  was  performed  in  a  few  hours,  and  tbe  intervals  at 
wbich  it  was  required  depended  on  the  action  of  the  wind  and 
tide.  The  water  was  admitted  into  the  filtering  ponds  by  a  num- 
ber of  openings,  corresponding  with  the  valleys  or  hollows  in 
the  filtering  material,  the  brick  tunnels  being  also  laid  in  these 
hollows.    The  sediment  deposited  on  the  surface  of  flic  sand 

required  1"  be  scraped  oil' twice  a  week  in  the  summer-time, 
and  about  once  in  ten  days  in  the  winter.  From  a  quarter  to 
half  an  inch  of  sand  was  scraped  off  each  time  with  the  sediment. 
When  Hie  depth  of  the  sand  was  reduced  by  this  process  lo 
about  a  foot,  a  fresh  supply  of  sand  was  added.  Nearly  8,000 
cubic  yards  of  fresh  sand  were  annually  required  for  this  purpose, 
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The  surface  of  water  in  the  filtering  beds  was  about  a  foot 
above  the  bottom  of  the  settling  ponds. 

The  water  after  filtration  passed  through  a  culvert  to  tho 
engine  well,  whence  it  was  pumped  into  tho  mains  for  dis- 
tribution. 

The  filter-beds  were  provided  with  weirs  about  4  feet 
wide,  to  let  off  the  water  into  a  culvert  in  case  it  should  rise 
in  the  filtering  bed  faster  than  it  can  be  filtered. 

The  Works  at  Thames  Bank,  however,  were  abandoned 
in  1856,  when  the  new  works  at  Seething  Wells  came  into 
operation. 

NEW  WORKS  AT  SEETHING  WELLS. 

The  depositing  reservoirs  and  filter-beds  are  constructed 
close  to  the  side  of  the  river,  in  a  long  narrow  strip  of 
ground  which  borders  the  river  between  Raven's  Island  and 
Thames  Ditton.  The  Lambeth  Works  occupy  the  southern 
extremity  of  this  strip,  and  the  Chelsea  Works  are  being 
made  close  to  them,  and  occupy  tho  northern  extremity" 
The  reservoirs  and  filter-beds  are  bounded  on  the  west  side 
by  the  river,  and  on  the  cast  by  the  turnpike  road  leading 
from  Thames  Ditton  to  Kingston. 

Depositing  Reservoirs. 

A  substantial  concrete  wall  has  been  built  alongside  the 
river  lor  the  whole  extent  of  the  Works.  This  wall  is  about 
2  feet  G  inches  wide  at  top,  with  a  batter  on  the  face  of 
about  2  inches  per  foot ;  at  the  back  of  the  wall  are  substan- 
tial  counterforts,  about  14  feet  apart  from  centre  to  centre 
The  two  depositing  reservoirs  are  each  272  feet  by  226  feet  at 
top,  while  at  bottom  the  dimensions  arc  24  feet  less  in  each 
direction,  namely  248  by  202  feet.  The  reservoirs  are  12 
f'  el  deep,  but  the  usual  depth  of  water  in  them  will  be  8  foot ; 
the  mean  area  of  each  being  255  by  214  =  55570  square  feet' 
the  capacity  of  each  at  8  feet  deep  will  be  2,778,500  gallons. 

The  level  of  water  in  each  of  these  reservoirs  is  the  same 
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as  that  of  the  river,  the  water  being  simply  admitted  through 
a  pipe  opening  in  the  concrete  wall,  so  that  there  is  no  lift 
into  the  depositing  reservoir,  as  at  the  old  works  at  Thames 
Bank.  The  sides  of  the  reservoirs  are  formed  of  substantial 
concrete  walls,  having  a  slope  of  1  to  1  towards  the  inside, 
while  the  outside  is  formed  in  steps,  so  arranged  as  to  make 
the  average  thickness  of  the  mass  of  concrete  about  3  feet. 
The  bottom  is  also  lined  with  a  small  thickness  of  concrete. 
The  work  is  situate  in  a  diluvial  covering  of  the  London  clay, 
and  the  excavation  extends  several  feet  into  the  solid  blue 
clay  containing  septaria.  No  puddle  is  used  for  the  walls, 
the  concrete  being  merely  placed  upon  the  steps  cut  out  of 
the  clay. 

Filtcr-Beds. 

Owing  to  the  peculiar  shape  of  the  site  to  which  theso 
Works  are  confined,  the  two  filter-beds  are  not  each  in  con- 
tact with  one  of  the  settling  reservoirs,  but  the  whole  four  arc 
placed  in  a  row  thus  : — Beginning  at  the  north  is,  first, 
reservoir  No.  1,  then  reservoir  No.  2,  filter-bed  No.  1,  filter- 
bed  No.  2.  The  filtering  beds  are  each  300  feet  by  150  feet 
at  the  surface,  having  an  area  therefore  of  45,000  square 
feet  each,  or  in  all  10,000  square  yards — about  the  same 
capacity  as  the  filters  at  tho  old  Works.  The  sides  of  the 
filters  are  formed,  like  the  reservoirs,  with  concrete  slopi  s  of 
1  to  1.  The  surface  of  water  in  the  filtering  beds  is  about 
3  foot  above  the  bottom  of  the  settling  ponds,  in  order  to 
allow  a  certain  depth  for  deposit.  The  depth  of  water  above 
i,l)c  filtering  material  is  generally  4  or  5  fed,  The  filtering 
material  is  composed  as  follows,  beginning  at  the  top  : — 

Fine  sand,  the  surface  of  which  will  occasionally  be 
scraped  oil',  so  that  tlio  thickness  will  he  reduced,  ft.  in. 
luil,  ;it  first  it  will  ho  formed  of  a  thickness  equal  to     2  0 
Coarse  sand        .  ....  6 

Shells,  consisting  of  perfectly  clean  bleached  cockle, 
tollina,  and  other  shells,  from  Shollness,  or  Bomo 
similar  hays  or  havens     .  •  .06 

Fine  gravel         ...  ...    0  4 

Coarso  gravel,  varying  in  dopth  from  a  few  inches 
whore  Itiid  over  the  perforated  pipes  to  about  two 
h  ut  where  laid  between  them. 
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Below  the  filtering  material  the  water  drains  off  by  means 
of  perforated  tubular  pipes,  stretching  across  the  filter-bed, 
and  communicating  with  a  central  inclined  channel.  Each 
filter  contains  on  either  side  of  the  longitudinal  centre  drain 
five  rows  of  transverse  pipes.  The  pipes  forming  these  trans- 
verse lines  are  of  three  sizes,  namely  6  inches,  9  inches,  and 
12  inches  diameter.  Each  row  begins  at  the  side  of  the  filter- 
bed  with  6-inch  pipe,  and  terminates  at  the  centre  with  12-inch, 
an  arrangement  by  which  the  size  of  the  pipe  is  rudely  pro- 
portioned to  the  quantity  of  water  which  it  has  to  carry  off. 
The  arrangement,  in  fact,  represents  an  arterial  system  of 
drainage,  in  which  the  area  of  the  pipes  at  successive  points  is 
proportionate  to  the  quantity  of  water  passing  through  them. 

The  tubular  drain-pipes  are  made  in  lengths  of  2  feet,  with 
butt  joints,  and  are  bedded  on  small  earthenware  chairs,  which 
serve  to  keep  them  in  position,  in  the  same  way  as  the  socket 
or  half  socket  joint,  which  arc  sometimes  used  for  the  same 
purpose.  The  pipes  are  perforated  all  over  with  ^-inch  round 
holes;  and  when  laid  in  the  chairs  the  butt  ends  are  not  laid 
close  together,  but  with  a  space  between  them  of  half  an 
inch  or  so. 

The  pipes  were  made  at  Bristol  by  Messrs.  Pountncy  and 
Goldney,  from  a  description  of  fire-clay  found  in  the  neigh- 
bouring coal-field. 

The  pumping  station  is  on  the  opposite  or  north  side  of 
the  road  leading  from  Thames  Ditton  to  Kingston,  so  that 
the  pipe  conveying  the  filtered  water  to  the  engine  well  is 
carried  under  and  across  the  road.  The  engines  for  pump- 
ing the  filtered  water  arc  four  in  number,  of  a  united  horse 
power  equal  to  000  horses.  They  have  thirteen  single-flued 
Cornish  boilers,  each  31  feet  9  inches  long,  and  5  feet  S 
inches  in  diameter.   The  flues  are  3  feet  3 inches  in  diameter. 

In  addition  to  these  four  engines,  which  were  erected  in 
185G,  two  new  auxiliary  engines  were  put  up   in  18G6 
These  are  similar  to  the  four  older  engines,  and  are  provided 
with  seven  similar  boilers: 
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Two  separate  engines  of  25  horse  power  each  are  also 
employed  at  Seething  Wells  for  pumping  the  unfiitered  water 
to  the  open  reservoir  on  Putney  Heath. 

The  numerous  filter-beds  constructed  by  Mr.  Hawkesley 
at  Leicester  and  other  places,  are  usually  designed  with  an 
area  of  1  square  yard  for  each  700  gallons  of  water  to  be  fil- 
tered in  twenty-four  hours. 

The  kind  of  filter  adopted  by  Mr.  Hawkesley  is  similar  to 
those  which  have  been  described  in  Mr.  Simpson's  works,  the 
principle  being  that  of  descent  through  horizontal  beds. 

We  have  seen  that  the  surface  of  filter-bed  at  the  old  Chelsea 
Works  was  at  the  rate  of  1  square  yard  to  626  gallons.  Mr. 
Bateman  is  understood  to  adopt  a  proportion  of  1  square  yard 
to  every  G75  gallons  of  water  filtered  in  twenty-four  hours.  In 
the  filter  of  the  Works  for  Chester,  however,  Mr.  Bateman  pro- 
poses only  953  square  yards  to  filter  960,000  gallons  a  day,  or 
at  the  rate  of  1  yard  to  1007  gallons.  Mr.  Lynde,  at  Norwich, 
has  adopted  the  rate  of  1  square  yard  to  5  13  gallons.  In  the 
Gorbals  Works  at  Glasgow,  where  the  filtering  material  is  in 
three  separate  compartments,  the  proportion  of  the  whole  sur- 
face, is  1  square  yard  to  1135  gallons;  while  Mr.  Wrigg,  at 
Breston,  adopting  the  same  system  of  triple  filtration,  has  the 
proportion  of  one  square  yard  to  -15(i  gallons. 

The  cost  of  constructing  filter-beds  ranges  probably  from 
IS*,  to  30*.  per  square  yard.  The  following  is  the  result  of 
detailed  estimates  made  in  my  own  office  for  filter-beds  in  con- 
nection with  (he  Wolverhampton  Waterworks,  calculated  from 
a  uniform  scale  of  prices  : — 

Filler.be.ls  containing  an  area  of  5,025  square  yards,  cal- 
culated in  pass  3  million  gallons  in  2  I  hours,  would  cost  7302 

Filter-beds  containing  an  area  of  2813  square  yards,  calcu- 
lated to  pass  1  i  million  gallons  in  24  hours,  would  cost  3701 

Tl„.  cost  of  working  filter-beds,  comprising  the  attendance 
of  labourers,  scraping,  .•leaning,  and  restoring  sand  where  neces- 
sary, is  usually  estimated  al  about  \0s.  per  million  gallons  of 
water  passed  through. 
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ON   GAUGING    Til  E    DISCHARG  F,   OF   RTVF.RS   AND  STREAMS. 

This  is  an  operation  which  comes  frequently  within  the  pro- 
vince of  the  hydraulic  engineer,  sometimes  to  determine  the 
quantity  to  be  relied  on  for  his  own  works  at  various  seasons 
of  the  year,  and  frequently  as  involving  and  connected  with 
questions  of  compensation  to  millers,  landowners,  and  others, 
for  water  to  he  abstracted  from  existing  streams. 

Large  volumes  of  water  are  frequently  conveyed  in  artificial 
open  channels  for  the  supply  of  towns;  and  the  method  of  de- 
termining the  relations  between  the  quantity  delivered,  and  the 
section  and  inclination  of  such  channels,  is  of  course  one  which 
claims  particular  study  and  attention. 

There  are  several  methods  of  gauging,  the  nature  of  which 
may  be  briefly  noticed. 

1st.  The  method  of  determining  the  discharge  from  the 
area  and  inclination  of  uniform  channels.  This  method  is  not 
applicable  to  ordinary  rivers,  but  has  often  to  be  adopted  in 
finding  the  discharge  of  new  cuts,  or  channels  made  to  convey 
water  either  to  impounding  reservoirs,  or  from  these  to  the 
town  for  distribution.  The  New  River  is  an  example,  on  a 
large  scale,  of  a  work  of  this  kind. 

2nd.  Gauging  by  means  of  the  surface  velocity  in  the  centre 
of  the  stream. 

3rd.  Gauging  by  means  of  sluices  or  orifices. 
4th.  Gauging  by  means  of  current-meters  or  other  instru- 
ments for  observing  velocities  at  various  depths ;  and 
5th.  Gauging  by  means  of  weirs. 

1 .  Motion  of  Water  in  Uniform  Open  Channels. 
The  French  writers  Coulomb  and  Prony  have  shown  that  the 
velocity  of  water  moving  in  channels  of  this  kind  may  he 
derived  from  the  equation 

RI  =  aV  +  b  U2    .    .    .    (f>)  . 
in  which  R  represents  the  hydraulic  mean  depth,  or  the  qno- 
tieni  derived  in  dividing  the  sectional  area  of  the  water  by  the 
melted  perimeter  or  border.    I  represents  the  inclination  o, 
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fall  of  the  surface-water*  per  foot  run,  and  U  the  velocity  in 
feet  per  second,  a  and  b  being  coefficients  which  have  to  be  de- 
termined by  experiment. 

During  three-quarters  of  a  century  this  problem  has  engaged 
the  attention  of  some  of  the  most  able  intellects  of  France, 
Germany,  and  England. 

Among  those  who  have  experimented  on  the  subject  are 
Du  Buat,  Coulomb,  Prony,  Bossut,  Couplet,  Dr.  Young, 
Girard,  Woltmann,  Funck,  and  Briinning.  Some  German 
writers,  as  Eytelwein  and  Weisbach,  have  chiefly  contented 
themselves  with  reducing  and  comparing  the  experiments  of 
others,  and  founding  upon  them  formulee  of  the  highest  value 
for  the  purpose  of  hydraulic  calculations. 

Eytelwein  especially,  in  his  'Handbuch  der  Mechanik  und  der 
Hydraulik'  (Berlin,  1801),  has  rendered  essential  service  in  this 
department  of  practical  science.  After  reviewing  all  the  ex- 
periments that  had  been  made  on  the  subject  of  water  flowing 
in  uniform  channels,  he  shows  that  the  mean  velocity  is  very 
nearly  f£  of  a  mean  proportional  between  the  hydraulic  mean 
depth  ami  twice  the  fall  in  feet  per  English  mile.  Let  II  be 
the  fall  in  feet  per  mile,  then 

U  =      ^/2Rll    ■     ■     •  (6)  ; 
or  the  velocity  in  feet  per  minute  will  be  5  I J  times  the  square 
root  of  the  mean  hydraulic  depth  multiplied  by  twice  the  fall 
in  feet  per  mile.    This  is  the  rule  by  which  Mr.  Beardmorc 

*  Du  Buat,  Prony,  and  the  other  French  writers  commonly  use  what  is 
called  the  hydraulic  inclination,  or  surface  slope  of  the  water,  in  their  for- 
mulje.  ],,  short,  lengths  of  eaual  or  pipes  this  is  not.  to  he  confounded 
with  the  inclination  of  the  pipe  or  channel,  as  it  .nay  vary  considerably 
from  this.  In  long  lengths  however,  say  upwards  of  100  feet,  the  by- 
draulic  inclination  may  he  taken  to  he  the  same  as  that  of  the  hot. on,  of 
the  channel.  Mr.  Neville  has  pointed  out  the  distinction  between  the  in- 
dination  of  pipes  and  the  term  "hydraulic  inclination"  in  the  introduc- 
tion to  his  Hydraulic  Formula:.  He  there  shows  that  serious  errors  have 
!„.,.„  made  by  applying  Du  dual's  formula-  to  short  lengths  of  pipe,  in 
Which  the  slope  of  the  pipe  has  hecn  confounded  with  the  hydraulic  in 
clination. 


GAUGING  OF   RIVERS  AND  STREAMS. 


353 


lias  corrputed  the  table  of  velocity  and  discharge  for  arterial 
drains  and  rivers  in  his  excellent  work  entitled  'Hydraulic 
Tables.'  The  only  difference  is,  that  in  order  to  facilitate  cal- 
culation, he  has  taken  55  as  the  multiplier  instead  of  6y°7°  = 
54-5-1,  which  would  be  the  exact  multiplier  derived  from  Ey- 
telwein's  valuable  formula. 

Let  it  be  required  to  compute  the  velocity  and  discharge  of 
a  channel  having  the  following  dimensions  : — 

"Width  at  bottom,  12  feet. 

Side  slopes  of  channel,  2  to  1. 

Depth  of  water,  7  feet. 

Inclination  or  fall,  3  inches  per  mile. 

Here  the  area  of  water  is  12  +  14  X  7  —  182  feet. 

The  wetted  perimeter  is  12  +  2  >/l4-  +  7~  =  43-3. 
182 

Then  R  =  ~-=  Z1'2,  the  hydraulic  mean  depth. 
Also  H  =  -25. 

Then  55  x  -25  x  2  =  55  x  1-414  =  78  feet  per 

minute  for  the  velocity,  and  1  82  x  78  =  14196  cubic  feet 
discharged  per  minute. 

Mr.  Neville,  in  his  Hydraulic  Formulae,  gives  the  following 
modification  of  Eytelwein's  equation  : — 

U  =  5604  v/liS  (7), 

where  S  is  the  natural  sine  of  the  inclination  or  — .  This 

L 

formula  gives  the  same  result  as  Equation  G,  which  latter 
however  has  the  advantage  of  being  more  easy  to  calculate. 
Hence  we  may  take  the  velocity  in  feet  per  second  to  be 
!  f  s/2  R  H  ;  and  per  minute  U'  =  BT°T°  */2  RH  .    .    .  (8). 

Tins  formula  is  also  applicable  to  pipes  and  culverts  both 
circular  and  oval,  whether  running  full  of  water  or  with  any 
less  quantity ;  but  is  not  applicable  to  pipes  under  pressure, 
such  as  those  employed  for  carrying  water  from  a  steam-engine 
or  from  a  stand-pipe  for  the  supply  of  towns. 
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2.  On  Gauging  Rivers  by  means  of  the  Surface  Velocity  in  the 
Centre  of  the  Stream. 

The  relation  between  the  mean  velocity  of  water  in  a  channel 
and  that  of  the  surface  velocity  in  the  centre,  is  another  sub- 
ject which  has  long  engaged  the  attention  of  hydraulic  en- 
gineers. Among  those  who  have  experimented  on  the  subject 
Du  Buat  and  Prony  are  again  in  the  first  rank.  Du  Buat 
operated  on  a  canal  whose  section  was  tolerably  uniform,  some- 
times rectangular  and  sometimes  trapezoidal,  whose  greatest 
breadth  was  about  18  inches,  and  depth  from  3  to  9  inches. 

Prony,  using  the  results  derived  by  Du  Buat  in  this 
experimental  channel,  established  the  empirical  formula 
tj  V  (V+  2-37187)  wbere  xj  anci  V  are  in  metres  per  se- 
V  +  315312 

cond,  U  being  the  mean  velocity  per  second  and  V  the  surface 
velocity  per  second.   This  equation,  reduced  into  English  feet, 
tt      V(V  +  7783)  (0) 

Mr.  Neville  has  used  this  formula  for  calculating  the  velo- 
cities in  small  channels.  Prony  states,  that  for  surface  velo- 
cities less  than  10  feet  per  second  U  may  be  taken  simply 

=  -81GV  (10), 

but  that  the  formula  is  only  to  be  taken  as  a  simple  empirical 
rule,  subject  to  modification  according  to  the  section  and  slope 
of  the  channel  to  which  it  is  applied. 

Recent  experiments  which  have  been  made  with  great  mi- 
nuteness by  M.  Baumgarten  on  the  river  Garonne,  and  on  the 
canal  between  (he  Rhone  and  the  Rhine,  are  scarcely  more 
satisfactory.  In  these  experiments,  which  were  made  in  chan- 
nels varying  from  a  foot  to  25  feel  in  depth,  it  was  sought  to 
determine  the  surface,  bottom,  and  mean  velocities  at  a  num- 
ber of  vertical  lines  across  the  si  n  am. 

Putting  t>  for  the  mean  velocity  in  any  vertical  line,  and  V 
for  (he  surface  velocity,  M.  Baumgarten  found  for  a  navigable 
canal,  with  earthen  slopes  varying  from  2  to  6  feel  in  depth, 
that  r-  -903  V,  and  for  smaller  canals  he  found  V  =  901  V. 
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M.  Boileau  *  is  of  opinion,  after  reviewing  these  experi- 
ments of  Baumgarten,  that  for  canals  of  all  kinds,  provided 
the  section  be  uniform,  the  mean  of  these,  or  more  simply  J- 
of  the  surface  velocity,  may  be  taken  as  the  mean  velocity  in  the 
same  vertical  line. 

In  applying  this  rule  to  a  wide  river  or  canal,  it  is  of  course 
necessary  to  determine  the  maximum  or  surface  velocity  at  a 
number  of  points  across  the  stream  ;  so  that  it  does  not  dis- 
pense with  the  use  of  hydrometrical  instruments.  It  may 
however  serve  much  to  diminish  the  number  of  observations 
which  would  otherwise  be  required  in  deep  canals. 

With  reference  to  the  mean  velocity  for  the  entire  section  of 
a  stream,  Boileau,  in  his  work  already  quoted,  gives  some  ex- 
periments, in  which  he  finds  the  values  of  U  for  small  depths 
not  exceeding  a  foot  vary  from  785  V  to  -865  V. 

In  the  'Annales  des  Fonts  et  Chaussees'  for  1848  M.  Baum- 
garten gives  a  table  of  mean  and  observed  velocities  at  various 
depths  for  twenty-two  sections  across  the  Garonne.  The  author 
compares  his  mean  velocities  with  those  calculated  by  the  for- 
mula of  Prony,  and  finds  the  latter  too  great,  — a  result  directly 
opposite  to  that  established  by  Boileau  for  his  largest  canal 
of  one  foot  deep.  Baumgarten  concludes,  that  for  large  sections 
''such  as  those  of  rivers)  with  irregular  banks,  the  velocity  is 
only  four-fifths  of  that  determined  by  Prony,  so  that  instead 
of  U  =  -810  V,  it  should  be  U  =  -653  V. 

Mr.  Beardmore,  in  his  work  already  quoted,  has  a  table 
showing  the  mean  velocity  corresponding  with  surface  veloci- 
ties, varying  from  5  feet  per  minute  up  to  950  feet.  This 
table  is  calculated  from  the  formula  U=  V  +  2"o  —  A/.5V.  For 
a  surface  velocity  of  5  feet  per  minute  he  gives  a  mean  veloeily 
of  2-50,  so  that  here  U  =  5  V  ;  and  for  his  highest  surface 
velocity  of  950  feet,  the  mean  velocity  is  883'6,  so  that  here 
U  =  "930  V  ;  and  so  in  proportion  for  intermediate  velocities. 
Mr.  Neville  has  calculated  two  sets  of  mean  velocities,  both 

*  Traite  de  la  Mesure  des  Eaux  Courantes.  Par  P.  Boileau.  Paris  1854. 
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of  which  differ  considerably  from  Beardmore's.  One  of  these, 
for  large  channels,  is  based  upon  experiments  by  Ximenes, 
Funck,  and .  Brunning,  and  is  calculated  from  the  formula 
U  =  -835  V.  The  other,  as  before  explained,  is  calculated 
from  the  formula  of  Prony,  which  for  measures  in  English 

inches  becomes  U  =  V  (p5^y^~^)     *    "  ' 

According  to  this  latter  table  the  mean  velocity  correspond- 
ing to  a  surface  velocity  of  5  feet  per  minute,  is  3- 75  feet, 
whereas  Mr.  Beardmore  makes  it  '2-5.  For  GOO  feet,  per  minute, 
the  highest  surface  velocity  in  the  table,  the  mean  is  524  feet 
per  minute,  Mr.  Beardmore's  corresponding  velocity  being  518. 

On  the  whole,  it  must  be  confessed  this  is  a  subject  on  which 
no  very  striking  agreement  in  opinion  is  to  be  expected.  Not 
only  do  the  experiments  and  formulae  of  separate  authors  differ 
from  each  other,  but  even  those  of  the  same  authors  differ 
among  themselves,  and  vary  to  an  unusual  extent. 

Although  I  have  thought  it  necessary  to  bring  into  juxta- 
position a  few  of  the  most  prominent  and  leading  facts  con- 
nected with  this  subject  of  surface  and  mean  velocities,  it  must 
be  observed  that  this  method  of  ganging  rivers  is  by  no  means 
a  desirable  one,  and  should  never  be  adopted  where  the  more 
certain  modes  of  gauging  by  means  of  sluices  or  weirs  can  be 
followed.  In  large  rivers,  however,  it  will  often  be  impracti- 
cable to  gauge  in  any  other  way  than  by  taking  velocities  ;  and 
when  the  extreme  surface  velocity  lias  been  ascertained,  with 
proper  precautions,  as  accurately  as  possible,  it  must  be  re- 
duced to  the  mean  by  using  one  or  other  of  the  coefficients  or 
values  of  V;  when  this  mean,  so  reduced,  is  multiplied  by  the 
area  of  water-way,  taken  in  the  same  dimensions  as  V,  the 
result  will  be  the'  discbarge  of  the  river  in  terms  of  V,  in  the 
same  unit  of  time  for  which  the  velocity  V  is  taken. 

When  no  other  mode  of  gauging  is  practicable,  except  thai 
by  means  of  surface  velocity,  a  pari  of  the  river  should  he  se- 
lected where  the  channel  is  most  straight,  and  the  section  most 
uniform  and  regular.   Several  accurate  sections  across  the  river 
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should  then  be  made,  from  which  the  area  of  water-way  must 
be  accurately  computed.  Stakes  are  then  to  be  driven  down 
at  fixed  distances  of  10  or  20  feet  apart;  and  if  the  river  is  very 
wide,  it  is  desirable  to  have  corresponding  stakes  on  each  side 
of  the  river,  and  a  pole  erected  at  each  stake,  in  order  that  an 
observer,  standing  at  each  pole  and  looking  across  to  the  one 
directly  opposite,  may  note  the  exact  time  at  which  the  float 
crosses  the  imaginary  line  joining  the  corresponding  poles. 
The  float  used  should  be  a  leaded  cork,  an  orange,  or  some 
other  body  only  a  little  lighter  than  water,  so  that  it  will  be 
nearly  all  submerged,  and  present  very  little  surface  to  the 
action  of  the  wind.*  A  number  of  observations  should  be 
taken  at  a  season  of  perfect  calm,  in  which  there  is  no  wind  to 
disturb  either  the  water  or  the  float;  and  an  average  surface 
velocity  having  been  obtained  from  these,  the  mean  is  to  be 
calculated  from  one  of  the  formulae  already  given,  and  multi- 
plied by  the  area  of  the  river,  to  find  the  discharge  as  before 
explained.  Mr.  Beardmore  observes:  "The  most  useful  in- 
strument for  getting  velocities  where  a  float  is  not  applicable, 
and  where  an  under  current  is  probable,  is  the  current  meter 
formed  by  a  vane  in  the  Archimedean  form,  carrying  an  end- 
less screw,  which  turns  a  wheel  divided  on  the  circumference. 
In  gauging  by  velocities  care  should  be  taken  to  ascertain  that 
the  current  does  not  underrun  at  the  place  of  observation." 

*  Some  of  the  French  experimenters  have  used  common  wafers  for  the 
floats  in  very  delicate  experiments,  while  others  have  made  use  of  small 
cubical  pieces  of  oak,  with  a  cavity  in  one  side  for  putting  in  lead  to  bal- 
last or  weight  the  wood;  others  have  used  small  balls  of  wax  ballasted 
with  lead.  They  recommend  several  precautions,  which  are  not  commonly 
attended  to  in  practice.  Some  of  these  have  reference  to  the  extent  to 
which  the  float  should  be  submerged;  and  for  this  they  recommend  very 
shallow  floats,  in  order  to  attain  a  true  surface  velocity,  and  not  one  at  a 
small  depth  below  the  surface.  Other  precautions  refer  to  the  buoys  to  be 
lixed  in  large  rivers,  or  the  stakes  to  be  fixed  on  the  banks  at  right  angles 
lo  the  current  of  the  riser.  They  insist  further,  that  a  body  floating  on  I  be 
surface  of  a  current  has  at  first  a  velocity  greater  than  that  of  the  water, 
ami  that  the  velocity  ought  not  to  be  taken  for  the  purpose  of  calculation 
LlltU  the  float  is  observed  to  pass  through  equal  spaces  in  equal  times. 
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3.  Gauging  of  Water  'passing  through  Sluices  or  Orifices. 

Dr.  Ilutton  and  other  writers  on  mechanics  have  shown 
that  independently  of  friction,  1.  The  velocity  of  water  pass- 
ing through  a  sluice  is  equal  to  that  acquired  hy  a  heavy  body 
falling  from  the  surface  of  the  water  to  the  centre  of  the  orifice. 
2.  That  in  any  single  unit  of  space,  as  a  foot  or  an  inch,  the 
velocity  per  second  expressed  in  similar  units  is  equal  to  twice 
the  square  root  of  the  force  of  gravity.  3.  That  the  velocity 
acquired  in  falling  through  any  height  is  as  the  square  root  of 
the  height  fallen  through.  Now  let  h  represent  the  height  or 
space  fallen  through,  v  the  velocity  acquired  in  falling  through 
that  space,  and  g  the  force  of  gravity  or  the  space  fallen  through 
by  a  heavy  body  in  one  second  (this,  in  the  latitude  of  London, 
is  equal  to  16  08  feet).  Then  the  preceding  propositions  may 
be  thus  expressed  algebraically  : 

v  =  2  sjg  =  2  v/16-08  -    8-02   .    .  (12), 
where  h,  the  height  fallen  through,  is  equal  to  unity  ;  and 
where  h  is  any  height  whatever, 

v  =  2  s/ld-OSh  =  S-02  sjh  .  .  (1  3). 
This  last  is  justly  called  by  French  writers  the  fundamental 
equation  in  hydraulics.  It  is  the  one  most  commonly  used. 
It  is  the  one  which,  when  modified  in  each  case  by  the  proper 
coefficient,  forms  the  foundation  of  formulae  for  the  flow  of 
water,  not  only  through  sluices  and  over  weirs,  but  also  its 
flow  in  canals  and  pipes.  We  shall  see  hereafter  how  invari- 
ably this  simple  equation  plays  its  part  in  all  determinations  of 
this  kind. 

Since  the  time  of  Dr.  Ilutton  and  his  contemporaries  a 
somewhat  more  accurate  value  has  been  assigned  to  g,  the 
force  of  gravity.  In  accordance  with  the  most  recent  experi- 
ments the  value  of//  has  been  somewhat  increased,  and  it  is 
more  accurate  to  write  v  —  8"03  \/h. 

If  it  were  not  for  the  friction  of  the  particles  of  water 
amongst  themselves  and  against,  the  sides  of  the  orifice,  and 
for  the  contraction  of  the  stream  in  issuing  out,  the  mean  velo- 
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city  would  be  something  more  than  8  times  the  square  root  of 
the  height.  It  is  evident  that  the  discharge  through  a  sluice 
will  always  be  equal  to  the  mean  velocity  multiplied  by  the 
area  of  the  opening.  Hence,  if  we  put  A  =  the  area,  we  shall 
have  the  theoretical  discharge,  independently  of  friction,  equal 
to  8-03  A  yVj  per  second    .    .    .  (14) 

and         481-8  A  sjh  per  minute  .    .    .  (15). 

The  water  which  issues  through  any  orifice,  however,  is 
diminished  by  friction  and  by  the  contraction  of  the  fluid  vein. 
The  relation  between  the  theoretical  discharge  and  that  due  to 
the  real  sectional  area  of  the  vein  has  never  yet  been  deter- 
mined by  mathematical  investigation ;  we  must  therefore  be 
guided  solely  by  experiment.  These  experiments  have  deter- 
mined that  for  very  small  orifices  the  above  expressions  must 
be  multiplied  by  a  coefficient  which  differs  little  from  0-62. 
This  would  reduce  the  coefficient  481  "8  to  300,  this  being  the 
multiplier  Mr.  Beardmore  uses  in  his  tables  for  ordinary  sluices. 

The  principal  experiments  on  which  formula?  for  discharge 
by  sluices  have  been  founded  are  those  by  Poncelet  and  Lesbros. 
These  are  far  from  satisfactory,  because,  although  they  were 
made  with  heads  of  water  varying  from  0  to  10  feet,  yet  the 
orifices  were  extremely  small.    The  orifices  used  in  the  expe- 
riments were  all  rectangular,  with  an  invariable  breadth  of  7f 
inches,  and  varying  in  height  from  ^  of  an  inch  to  /£  inches. 
These  were  evidently  much  smaller  than  the  sluices  in  practice 
for  the  regulation  of  supplies  of  water,  for  the  discharge  of 
surplus  water,  &c.    The  fact  most  worthy  of  observation  in 
these  experiments  appears  to  be,  that  the  coefficient  was  always 
greatest  for  the  smallest  orifice,  and  vice  versd  ;  which  goes  to 
prove  that  the  effect  of  the  vena  contractu  is  much  more  sen- 
sibly felt  as  the  size  of  the  orifice  increases.   Looking  carefully 
to  the  tables  of  Poncelet  and  Lesbros'  experiments,  which  were 
published  in  their  '  Experiences  Ilydrauliques  sur  les  Lois  dc 
l'Ecoulementdel'Eau'  (Paris,  1882),  and  which  have  since  been 
copied  by  Gcnieys,  Boileau,  Dupuit,  and  every  other  French 
writer  on  hydraulics,  there  scons  no  reason  to  alter  the  coeffi- 
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cient  -62.  This  appears,  in  the  present  state  of  our  knowledge, 
to  be  the  one  best  adapted  to  give  the  discharge  through  weif- 
constructed  sluices  in  lock-gates,  mill-dams,  and  other  situa- 
tions of  the  kind.    Hence  we  have 

481-8  x  -62  X  A        =  2987  A  *Jh  =  in  round  numbers  to 

300  A  \Jh  .  .  .  (16). 
the  discharge  per  minute  through  an  orifice  whose  area  is  A,  h 
being  the  height  from  the  centre  of  the  orifice  to  the  surface 
of  the  water.  "  Where  the  orifice  of  the  sluice  is  covered,  as 
in  locks  and  river  sluices,  the  height  h  is  the  difference  of  level 
between  the  respective  surfaces."  * 

The  following  is  a  brief  resume  of  the  other  writers  who 
have  experimented  on  the  subject,  with  the  results  which  they 
arrived  at,  condensed  from  Neville's  Hydraulic  Formulae  :— 

Resulting 


Coefficients. 

•728  to  -774 


Dr.  Bryan  Robinson,  in  1739.  On  circular  orifices  of  one- 
tenth  to  eight-tenths  of  an  inch  diameter,  with  heads  of 
2  to  4  feet 

Dr.  Mathevv  Young,  in  1 788.    On  circular  orifices  one-fifth 

of  an  inch  in  diameter,  with  a  mean  head  of  14  iuches  .  -623 

Michelotti.    On  circular  orifices  1  to  3  inches  diameter, 

and  square  orifices  1  to  9  inches  in  area,  with  heads  from 

,•  .oil.  .  'M'-*  t0  04 

0  to  23  inches 

The  Abbe  Bossut.    On  small  circular  and  rectangular  ori- 
fices from  half-inch  diameter  to  an  area  of  4  square- 
inches,  under  heads  of  4  feet  and  15  feot     .       •       •    -613  to  -619 
Brindlcy  and  Smcaton.    On  an  orifice  1  inch  square,  with 

head  varying  from  1  to  0  fect  -<>32  U) 

Kennie.    On  circular  orifices  from  \  to  1  inch  diameter, 

with  head  varying  from  1  to  4  feet       .  '584  to  -071 

Kennie.    On  rectangular  and  triangular  orifices,  each  with 

an  area  of  1  square  inch,  and  head  varying  from  1  to  1 

.  ....    -572  (o  -G6S 

feet  

None  of  the  preceding  experiments  are  on  so  extensive  a 
scale  as  those  made  at  Met/,  by  Messrs.  Poncelet  and  Lcsbros. 

*  Beardmorc's  Hydraulic  Tables,  where  some  general  rules  are  given  to 
meet  the  most  ordinary  cases  in  practice  relating  to  discharge  through 
vertical  and  horizontal  sluices. 
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These  have  been  already  alluded  to.  They  appear  generally 
to  confirm  the  conclusion  arrived  at  by  the  French  engineers 
and  others,  that  the  coefficient  for  practical  purposes  may  be 
taken  at  -62.  Some  writers  have  attempted,  as  it  were,  to 
expand  the  experimental  results  of  Poncelet  and  Lesbros  for 
sluices  of  proportionate  dimensions  but  much  larger  size.  This 
has  been  done  by  Mr.  Neville  in  his  Hydraulic  Formulae,  but 
it  really  seems  a  waste  of  time  and  an  attempt  to  refine  where 
the  data  are  not  sufficient  for  the  purpose. 

It  will  be  observed  in  the  preceding  list  of  experiments  thai 
Dr.  Bryan  Robinson's  coefficients  are  much  the  highest.  It 
is  probable  that  most  of  the  other  experiments  were  made  with 
orifices  in  a  thin  plate,  while  the  aperture  in  Dr.  Robinson's 
experiments  was  probably  in  a  plate  of  some  thickness,  with 
the  inner  edge  rounded  off.  This  would  occasion  the  coeffi- 
cients to  be  higher,  and  is  probably  the  reason  why  they  are  so.* 

Experiments  on  a  much  larger  scale  are  still  very  desirable 
on  this  subject,  and  I  perfectly  coincide  in  the  following  obser- 
vation, which  occurs  in  Mr.  Neville's  book  : — 

"  It  is  almost  needless  to  observe,  that  all  these  coefficients 
are  only  applicable  to  orifices  in  thin  plates,  or  those  having 

the  outside  arrises  chamfered  Very  little  dependence  can 

be  placed  on  calculations  of  the  quantities  of  water  discharged 
from  other  orifices,  unless  where  the  coefficients  have  been 
already  obtained  by  experiment  for  them.  If  the  inner  arris 
next  the  water  be  rounded,  the  coefficient  will  be  increased." 

Some  carefully-conducted  experiments  on  the  time  of  filling 
and  emptying  lock-chambers  or  canals  would,  after  all,  be  much 
more  valuable  than  any  of  those  which  have  been  cited.  Where 
the  culverts  or  sluices  from  the  upper  level  into  the  lock-cham- 
ber, and  between  the  latter  and  the  tail  of  the  lock,  are  in  good 
order,  these  experiments  might  be  made  with  considerable  ac- 
curacy, while  the  lock-chamber  itself  would  afford  an  excellent 
measure  for  the  volume  of  water  passing  through  the  sluices 
in  given  spaces  of  time,  with  certain  parts  of  their  area  open. 

*  Neville. 

n 
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4.  Gauging  by  means  of  Current  Meters,  and  other  Instru- 
ments for  observing  Velocities  at  various  depths. 
On  Hydrometers,  or  Instruments  for  measuring  Velocities. — 
These  are  of  two  kinds,  namely  those  which  act  on  the  prin- 
ciple of  Pitot's  tube,  and  those  which  act  as  dynamometers,  by 
opposing  a  solid  resistance  to  the  action  of  the  current,  and 
indicating  the  force  of  this  action  by  means  of  a  dial  or  gra- 
duated bar. 

The  Pitot  tube,  as  originally  proposed  more  than  a  century 
a°-o  by  the  philosopher  whose  name  it  bears,  is  a  hollow  tube 
bent  at  a  right  angle,  and  so  used  that  one  part  of  the  tube  is 
horizontal  in  the  line  of  the  current,  while  the  other  part  is 
vertical.  The  open  end  of  the  horizontal  branch  being  op- 
posed to  the  action  of  the  current,  this  causes  the  water  to  rise 
above  the  surface  of  the  stream  in  the  vertical  tube,  and  at- 
tempts have  been  made  to  determine  velocities  at  various  depths 
according  to  the  amount  of  this  rise  or  difference  of  level. 
The  simple  tube  of  Pitot,  however,  is  liable  to  many  objections 
as  a  hydrometrical  instrument.  Among  these  are,  its  small 
degree  of  sensibility  (as  considerable  increase  of  velocity  pro- 
duces very  slight  variations  of  height),  the  oscillations  of  the 
water  in  the  vertical  part  of  the  tube,  and  the  errors  arising 
from  capillary  action.  These  defects  conspire  to  render  the 
Pitot  tube  in  its  original  form  a  very  uncertain  and  imperfect 
instrument  for  ascertaining  velocities. 

In  his  recent  Treatise,  which  has  been  already  mentioned, 
Boileau  describes  a  very  ingenious  modification  of  the  Pitot 
tube,  which  appears  capable  of  being  applied  with  very  good 
effect  to  the  measurement  of  velocities.  The  tube  in  this 
arrangement  consists  of  a  horizontal  part  and  of  an  inclined 
part,  the  tube  being  flexible,  and  so  arranged  that  the  hori- 
zontal  part  can  be  adjusted  at,  any  required  depth  in  the  cur- 
rent or  stream.  The  upper  end  of  the  tube  is  surmounted 
with  a  metallic  or  glass  cylinder,  live  or  six  times  as  much  in 
diameter  as  that,  of  the  tube,  and  b»  ~aeans  of  valves  the  com- 
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munication  can  be  closed  at  any  moment  between  this  cylinder 
and  the  tube,  while  the  contents  of  the  cylinder  can  be  dis- 
d  by  another  small  tube.  The  cylinder  is  provided  with 
a  metallic  float  which  rises  as  the  cylinder  fills,  and  acts  on  a 
needle  or  pointer  which  indicates  its  exact  height.  The  gra- 
duated scale  to  which  the  needle  is  applied  points  out  the 
velocity  of  the  current,  but  of  course  this  requires  very  accurate 
graduation,  and  many  preparatory  experiments  would  have  to 
be  made  for  this  purpose.  The  following  appear  to  be  the 
principal  advantages  that  would  attend  the  use  of  this  modifi- 
cation of  Pitot's  tube  : — 

1.  It  can  be  adapted  without  difficulty  to  the  deepest  and 
largest  as  well  as  to  the  shallowest  rivers. 

2.  It  dispenses  with  the  use  of  an  accurate  chronometer, 
which,  on  the  other  hand,  is  essentially  necessary  where  either 
floats  or  other  kinds  of  current  metres  are  employed. 

3.  When  once  fixed  at  any  particular  station,  it  need  not  be 
removed  until  the  whole  series  of  observations  shall  have  been 
made  which  are  necessary  for  that  particular  vertical  line. 

There  is  another  beautiful  adaptation  of  a  tube  to  the  mea- 
surement of  velocities  which  deserves  notice.  The  tube  is 
of  glass,  having  one  extremity  fitted  with  a  smaller  adjutage, 
which  can  be  varied  according  to  the  current.  Before  being 
used  the  tube  is  prepared  by  closing  the  larger  end  and  filling 
the  tube  with  water,  so  as  to  leave  a  small  bubble  of  air,  simi- 
lar to  the  bubble  in  the  glass  tube  of  the  common  spirit-level. 
The  tube  is  immersed  in  the  direction  of  the  current  at  the  re- 
quired depth,  and  the  velocity  observed  by  means  of  the  pas- 
sage of  this  bubble  of  air  from  a  mark  at  one  extremity  of  the 
f  ube  to  the  other  end  as  soon  as  the  latter  is  opened.  Although 
a  very  beautiful  philosophical  toy,  this  is  almost  too  delicate 
an  instrument  for  practical  purposes. 

The  Pitot  tube  described  by  Gcnieys  is  made  of  tin,  is  about 
G  feet  in  length,  and  2  inches  diameter,  with  a  horizontal  arm 
about  a  foot  in  length.  The  extremity  of  the  horizontal  arm  is 
contracted  conically,  leaving  only  a  very  small  orifice  to  receive 

i:  2 
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the  pressure  of  the  water.  The  open  end  of  the  tube  is  fitteu 
with  a  float  and  wooden  rod,  graduated  to  show  the  rise  of 
water  in  the  tube. 

In  using  the  Pitot  tube  it  is  necessary  to  have  a  strong  stake 
or  small  pile  fixed  in  the  river,  to  which  the  tube  can  be  ad- 
justed at  any  required  depth.  Except  in  very  minute  investi- 
gations, it  is  unnecessary  to  take  more  than  two  observations 
at  each  place,  namely  one  at  the  surface  and  one  at  the  bot- 
tom, the  arithmetical  mean  between  these  being  the  mean  velo- 
city in  that  vertical  line.  Care  must  be  taken  to  place  the 
horizontal  part  of  the  tube  exactly  in  the  line  of  the  current, 
for  which  purpose  it  must  be  turned  about,  and  read  off  in 
that  position  when  the  water  rises  highest  in  the  tube.  The 
graduation  of  the  tube  or  wooden  bar  may  be  calculated  from 
the  formula  U  =  8-03^/7',  whei'e  U  =  velocity  in  feet  per  se- 
cond, and  /t=height  in  feet  of  water  in  the  tube  above  the  sur- 
face in  the  river.  Thus,  a  rise  of  one  foot  in  the  tube  will  mark 
a  velocity  of  8  feet  per  second,  and  so  for  any  intermediate 
height  the  velocity  will  be  as  the  square  root  of  the  height. 

Pitot's  tube  has  been  much  used  by  Mr.  Scott  Russell  and 
others,  in  making  experiments  on  the  speed  of  vessels  passing 


through  water 


Current  Meters  acting  on  the  principle  of  Dynamometers.— 
The  first  current  meter  of  this  kind,  as  introduced  by  Wolt- 
mann  in  1790,  consisted  of  a  small  light  watcrwheel,  with  nar- 
row pallets  or  float-boards  whose  breadth  was  about  one-fourth 
the  diameter  of  the  wheel.    On  the  axis  of  the  wheel  is  an 
endless  screw  which  works  one  or  more  toothed  wheels,  the 
revolution  of  which  marks  (he  velocity  of  (he  current.  To 
this  apparatus  is  attached  a  vane  or  rudder,  of  about  the  same 
depth  as  the  diameter  of  the  waterwheel,  and  this  vane,  acted 
on  by  the  current,  causes  the  waterwheel  to  rotate  exactly  in 
the  true  axis  of  the  stream.    The  whole  apparatus  is  movable 
on  a  vertical  shaft,  to  which  it  can  be  clamped,  so  as  (o  act  at 
any  required  depth.    In  the  earlier  current  meters  the  pallets 
or  blades  of  the  watcrwheel  were  fixed  radially  around  the  cir- 
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cumference,  similar  to  those  in  the  simpler  forms  of  the  com- 
mon waterwheel.  The  pallets  have  been  constructed  either  of 
flat  boards  of  wood,  or  metal,  or  with  one  surface  flat  and  the 
other  spherical,  in  order  to  oppose  less  resistance  in  rising  out 
of  the  water. 

These  earlier  forms  of  wheels  for  measuring  velocities  of 
currents  had  many  objections.  They  were  made  in  too  clumsy 
a  manner,  and  had  so  much  friction  in  the  axle,  in  the  endless 
screw  and  the  toothed  wheels,  that  they  were  incapable  of  re- 
cording small  velocities,  and  not  possessed  of  sufficient  delicacy 
for  experimental  purposes.  Besides  this,  the  toothed  wheels, 
being  immersed  in  the  water  without  any  protection  or  cover- 
ing, were  liable  to  be  affected  by  sand,  gravel,  weeds,  &c.  get- 
ting between  the  teeth  and  preventing  them  from  working  pro- 
perly. These  and  other  objections  and  inconveniences  arising 
from  the  use  of  the  current  meters,  led  to  several  improve- 
ments by  Laignel,  Boileau,  and  others.  In  one  of  the  most 
improved  forms  of  current  meters  the  wheel  is  made  with  heli- 
cal blades,  and  great  care  is  taken  to  have  as  little  friction  as 
possible  in  the  axle  and  the  bushes  in  which  it  works.  In 
place  of  the  endless  screw  and  toothed  wheels  of  Woltmann's 
meter,  M.  Laignel  substitutes  a  simple  screw,  on  which  works 
a  movable  nut.  The  nut  does  not  revolve  with  the  screw,  but 
travels  along  it,  and  carries  a  pointer,  which  marks  by  the  dis- 
tance on  a  bar  the  revolutions  of  the  helical-bladed  wheel. 
The  screw  on  which  the  nut  traverses  is  made  of  copper,  and 
very  accurately  turned,  with  a  pitch  of  of  an  inch,  and  is  \ 
of  an  inch  in  diameter.  The  screwed  part  of  the  axle,  the 
travelling  nut,  and  the  graduated  bar  on  which  the  revolutions 
are  read  off,  are  all  enclosed  in  a  box,  so  that  the  delicate 
mechanism  is  protected  from  that  kind  of  injury  to  which  the 
meter  of  Woltmann  is  so  subject.  The  screw  is  about  a  foot 
or  15  inches  in  length,  and  the  extremity  of  the  box  in  which 
it  is  enclosed  is  provided  with  a  vane  or  rudder,  to  keep  the 
machine  in  the  centre  of  the  current.  The  helical  wheel  and 
box  carrying  the  screw  are  supported  on  a  bracket,  which 
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slides  on  a  vertical  pillar,  and  can  be  clamped  at  any  required 
height.  There  is  a  contrivance  for  stopping  the  revolution  of 
the  wheel  at  any  required  moment.  The  length  of  the  screw 
is  sufficient  to  allow  the  travelling  nut  and  marker  to  record 
the  revolutions  of  the  wheel  during  25  or  30  seconds,  when  it 
is  stopped,  and  the  machine  taken  out  of  the  water,  and  the 
distance  corresponding  with  the  number  of  revolutions  read  off 
on  the  graduated  bar.  This  instrument,  like  all  others  of  the 
same  kind,  requires  the  employment  of  a  very  accurate  chrono- 
meter, and  has  the  inconvenience  of  causing  much  loss  of  time, 
by  the  necessity  for  taking  the  instrument  out  of  water  to  read 
off  the  number  of  revolutions  at  every  separate  experiment. 

M.  Boileau  has  proposed  an  extremely  ingenious  and  delicate 
instrument,  acting  on  the  principle  of  measuring  the  velocity 
of  a  current  without  the  employment  of  a  wheel  at  all.  A 
small  copper  plate  is  opposed  to  the  action  of  the  current  at 
any  required  depth,  and  this,  by  means  of  a  vertical  bar,  is 
made  to  act  on  a  delicate  and  very  sensitive  elliptical  spring. 
The  compression  of  the  spring  is  measured  with  extreme  accu- 
racy by  means  of  a  micrometer  screw.  For  the  purpose  of 
minute  and  delicate  observations  and  experiments  this  instru- 
ment appears  to  be  extremely  well  adapted,  and  is  free  from 
many  of  the  defects  which  attach  to  all  current  meters  acting 
by  means  of  wheels. 

Having  obtained  in  a  large  river,  either  by  means  of  the 
Pitot  tube  or  some  kind  of  current  meter,  the  mean  veloci- 
ties of  the  water  in  several  vertical  lines  across  the  stream, 
we  have  then  to  find  the  mean  velocity  of  the  whole  river. 
There  are  various  ways  of  doing  this,  but  the  geometrical 
method  described  by  D'Aubuisson,  in  bis  <  Traite  d'Hy- 
draulique  a  l'usage  des  Ingenieurs,'  is  perhaps  entitled  to 
tho  preference  on  account  of  its  extreme  simplicity.  "  Hav- 
ing fixed  on  tho  station  where  the  cross  section  of  a 
largo  river  is  to  bo  taken,  and  the  velocities  ascertained, 
take  a  number  of  soundings  across  the  stream,  at  8,  10,  or 
12  points,  according  to  tho  breadth.  These  lines  of  sound- 
ing divido  the  section  into  a  number  of  trapezia,  and  the 
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area  of  each  of  these  is  to  be  calculated.  Then  at  a  point  half- 
way between  each  of  the  two  lines  of  sounding  is  to  be  fixed  a 
small  boat  containing  the  current  meter,  such  as  Woltmann's 
wheel,  the  Pitot  tube,  or  other  instrument  by  means  of  which 
5,  6,  or  7  velocities  are  to  be  determined  in  the  same  vertical 
line.  The  arithmetical  mean  of  these  is  then  to  be  multiplied 
by  the  area  of  the  trapezium  to  which  they  apply.  The  sum 
of  all  these  products  is  evidently  the  discharge  of  the  river, — 
it  is  equivalent  to  the  total  sectional  area  multiplied  by  the 
mean  velocity." 

5.  Gauging  by  means  of  Weirs. 

Referring  ao-ain  to  what  has  been  called  the  fundamental 
theorem  of  hydraulics,  namely  v  =  8 "03  \/h,  it  may  be  at 
once  applied  to  the  case  of  weirs,  v  being  the  theoretical  velo- 
city corresponding  to  the  height  h  of  the  notch  or  weir.  This 
height  must  be  the  difference  of  level  between  the  surface  of 
the  notch  over  which  the  water  flows  and  the  still  water  in  the 
pond  above.  This  height  is  not  to  be  confounded  with  the 
thickness  of  the  sheet  of  water  flowing  over  the  weir,  from 
which  it  is  quite  distinct.  As  in  the  case  of  orifices,  the 
theoretical  expression  8-03>/A  for  the  velocity  per  second,  or 
481-8>/A  for  the  velocity  per  minute,  must  be  multiplied  by 
a  coefficient  to  give  the  true  velocity,  as  this  in  a  similar  man- 
ner is  affected  by  friction  and  by  contraction  of  the  sheet  of 
water  flowing  over  the  weir. 

Hence  the  velocity  per  minute  of  water  flowing  over  a  weir 
is  equal  to  481-8  CVh    .    .    .  (17), 
where  C  is  a  coefficient  to  be  determined  by  experiment. 

The  value  of  C  varies  somewhat,  not  only  according  to  the 
shape  of  the  weir,  but  also  varies  for  different  depths  and 
widths.  The  limits  of  this  variation  will  be  seen  when  we 
come  to  describe  the  experiments  more  particularly. 

The  principal  observers  who  have  made  experiments  on  the 
flow  of  water  over  weirs  are  the  Chevalier  Du  Buat,  Eytelwein, 
MM.  D'Aubuisson  and  Castel,  and  MM.  Poncelet  and  Lesbros, 
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In  our  own  country  experiments  have  been  made  by  Messrs. 
Smeaton  and  Brindley,  by  Dr.  Robinson,  Messrs.  Leslie, 
Blackwell,  Hawksley,  and  others. 

The  experiments  of  Du  Buat  were  made  in  1779  on  weirs 
18~  inches  wide  and  an  extreme  depth  of  6f  inches. 

MM.  Poncelet  and  Lesbros  made  an  extensive  series  of  ex- 
periments at  Metz  in  the  years  1827  and  1828.  Their  weir 
was  of  the  constant  width  of  7%  inches,  and  various  heads  were 
tried  from  f  inch  up  to  8  inches.  They  found  the  coefficient 
varied  considerably  for  different  heads.  The  experiments  of 
MM.  D'Aubuisson  and  Castel  were  made  at  the  Toulouse 
Waterworks  in  1834,  with  various  widths  of  weir,  and  with 
a  head  ranging  from  1  to  8  inches.  Messrs.  Smeaton  and 
Brindley  made  their  experiments  with  a  constant  width  of  6 
inches,  and  with  depths  varying  from  1  to  6  inches.  For  Dr. 
Bobinson's  experiments  see  the  *  Encyclopsedia  Britannica.' 

Mr.  Blackwell' s  experiments  were  made  in  1850,  and  con- 
sisted for  the  most  part  of  observations  on  the  discharge  of 
water  by  weirs  out  of  a  large  pond  on  the  Kennet  and  Avon 
Canal,  which  afforded  a  perfectly  uniform  head  of  still  water. 

These  experiments  were  264  in  number,  and  embraced  ob- 
servations on  various  forms  of  overfall,  from  a  very  thin  plate 
of  sheet  iron  to  a  weir  3  feet  in  thickness  ;  the  length  or  breadth 
of  the  weir  extending  from  3  feet  to  1 0  feet. 

If  we  substitute  m  for  C  481*9  in  the  equation  for  the  velo- 
city over  the  weir,  we  have  the  discharge  of  water  for  each 

foot  in  width  =  m  \Jh  xh  —  m  V A3  —  m A 2 . 

The  value  adopted  for  m  by  Mr.  Beardmore  and  by  most 

English  engineers,  is  214  where  h  is  in  feet;  and  where  h  is 

in  inches  the  value  adopted  is  5*1.    These  two  values  are  in 

.   ,  214  214 

fact  identical,  because — ^  =  tt~f—  5*1 

122"  410 

Hence  the  formula  given  by  Mr.  Beardmore,  where  h  is  in 
feet,  is  214  JV>   .    .    .  (18) 

for  the  discharge  in  cubic  feet  per  minute,  and  the  rule  deduced 
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Table  showing  the  Variations  op  the  Coefficients  for  dif- 
ferent heads  of  Water,  according  to  Mr.  Blackwell's  ex- 
periments. 


Number 
of  Expe- 
riments. 

SPECIES  OF  OVERFALL. 

Head. 

Mean  coeffi- 
cient for  for- 
mula TO  aJIiZ 
when  h  is  in 
feet. 

Mean  coeffi- 
cient  for  for- 
mula to  */h  3 
when  h  is  in 
inches. 

6 

Thin  plate,  3  feet  long. 

in.  in. 

lto3 
3  „  6 

212 
194 

5-10 
4-68 

11 

Thin  plate,  10  feet  long. 

1    LO  O 

3  „  6 
6  „  9 

on 

210 
178 

0/0 

516 
4-32 

23 

Plank,  2  inches  thick,  3  feet 
long. 

1  to  3 
6  „  o 
6  „  9 

165 
loo 
196 

3-  96 

A  -A  A 

4  44 

4-  62 

56 

Plank,  2  inches  thick,  6  feet 
long. 

l  to  O 
3  „  6 
6  „  9 
9  14 

1 16 
191 
189 
173 

A  •  1  /( 

4  14 

4-60  | 

4-44 

414 

40 

Plank,  2  inches  thick,  10  feet 

Inn  £T 

1  to  3 
3  „  6 
6  7 
9  „  12 

167 
191 
1 80 
172 

4-08 
4-60 
4-32 
4-14 

4 

Plank.  2  inches  thick,  and  10 
feet  wide,  with  wings. 

1  to  2 
4  „  5 

230 
213 

552 
5-22 

7 

Overfall,  with  crest  3  feet  wide, 
3  feet  long,  sloping  1  in  12. 

1  to  3 
3  6 
6  „  9 

165 
1  ^8 

163 

3-96 
3-78 
3-96 

9 

Overfall,  with  crest  3  feet  wide, 
3  feet  long,  sloping  1  in  18. 

1  to  3 

A.    V  \J  KJ 

3  „  6 
6  „  9 

17^ 
152 
160 

4-20 
3-66 
3-84 

6 

Overfall,  with  crest  3  feet  wide. 
10  feet  long,  sloping  1  in  18. 

1  to  4 

.4  „  8 

1  ^8 

1  JO 

169 

3-  78 

4-  08 

14 

Overfall,  with  crest  3  feet  wide, 
level,  o  ieei  lung. 

1  to  3 
3  „  6 
6  „  9 

147 
150 
153 

354 
3-60 
3-66 

15 

Overfall,  with  crest  3  feet  wide, 
level,  6  feet  long. 

3  to  7 
7  „  12 

159 
149 

372 
3-60 

12 

Overfall,  with  crest  3  feet  wide, 
level,  10  feet  long. 

1  to  5 
5  „  8 
8  „  10 

147 
158 
151 

354 
3-78 
366 

61 

Chew  Magna  experiments,  over- 
fall bar  2  inches  thick,  10 
feet  long. 

1  to  3 
3  „  6 
6  „  9 

210 
240 
243 

5-06 
5-78 
5-85 

R  3 


370 


GAUGING  OF  RIVERS  AND  STREAMS. 


from  Eytelwein,  where  h  is  in  inches,  is  5-1  -/li?  .  .  (19)  = 
discharge  in  cubic  feet  per  minute. 

As  these  two  formulae  are  far  more  generally  employed  by 
engineers  than  any  others,  I  have  thought  it  would  be  useful 
to  adapt  the  results  arrived  at  by  Mr.  Blackwell  to  each  of 
them.  The  table  on  the  preceding  page  (p.  369)  is  compiled 
from  an  abstract  given  by  Mr.  Blackwell  himself,  with  the 
substitution  by  me  of  the  last  two  columns. 

The  results  shown  in  the  preceding  table  are  very  valu- 
able. All  the  experiments  except  the  last  (61),  apply  to  still 
ponds  without  any  current  in  the  water,  and  we  shall  first 
consider  these. 

Over  a  thin  plate  3  feet  long,  the  experiments  agree  with 
the  usual  coefficients  214  and  5-1  up  to  3  inches  of  head, 
above  which  they  fall  below  them. 

Over  a  thin  plate  10  feet  long,  the  experiments  show  a 
higher  coefficient  than  the  common  ones  ;  between  3  and  6 
inches  the  coefficients  are  nearly  the  same,  and  above  6 
inches  the  coefficients  are  less. 

Over  planks  2  inches  thick  an  opposite  law  seems  to  prevail, 
for  the  coefficients  increase  with  the  depth  instead  of  becoming 
less  as  the  latter  increases.  This  is  the  case  with  all  the  ex- 
periments on  the  3  feet  plank,  the  coefficient  up  to  3  inches 
being  1G5,  and  increasing  up  to  196  for  heights  between  (i 
and  9  inches.  All  the  experimental  coefficients  are  below  the 
usual  ones  in  these  twenty-three  experiments.  In  the  next 
ninety-six  experiments,  over  G  feet  and  10  feet  planks,  the 
maximum  coefficient  is  for  a  depth  of  5  or  G  inches,  beyond 
which  it  diminishes  as  far  as  the  experiments  extend. 

The  four  experiments  made  over  a  plank  with  wing  boards 
show,  as  might  be  expected,  a  better  discharge  than  the  former 
ones.  The  coefficient  here  is  highest  at  1  inch,  and  gradually 
diminishes  as  the  head  increases. 

In  the  experiments  on  weirs  with  inclined  crests  the  lowest 
coefficient  is  in  each  ease  at  -1  inches,  an  increase  taking  place 
when  the  depth  is  diminished  below  this,  and  also  when  the 
depth  is  increased. 
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The  experiments  on  level  crests  3  feet  wide  and  of  different 
lengths  present  the  greatest  anomalies.  The  crest  3  feet  long 
has  the  lowest  coefficient  at  4  inches.  The  one  G  feet  Ions 
has  the  lowest  at  10  inches,  and  the  one  10  feet  long  has  the 
lowest  at  an  inch,  from  which  it  increases  to  5  inches,  and 
then  again  diminishes. 

The  sixty-one  experiments  at  Chew  Magna  are  applicable  to 
weirs  across  rivers  in  which  the  pond  is  small  in  proportion  to 
the  breadth  of  the  weir,  and  in  which  it  is  difficult  to  avoid  a 
slight  current  in  the  water  as  it  approaches  the  weir. 

In  these  experiments  the  coefficients  are  below  the  mean  up 
to  3  inches,  then  they  rise  almost  to  a  maximum  at  5  inches, 
then  fall  slightly  to  6J  inches,  when  they  ascend  to  a  maximum 
at  8  inches,  below  which  they  again  descend. 

The  mean  coefficients  determined  by  Mr.  Blackwell  for  this 
kind  of  weir,  when  the  depth  exceeds  3  inches,  are  all  higher 
than  those  in  common  use,  so  that  the  ordinary  formulas  may 
be  used  with  safety  for  plank  weirs  of  this  description  across 
rivers  and  streams,  but  appear  somewhat  too  high  for  plank 
weirs  where  the  pond  is  large  and  the  water  entirely  without 
current.  There  can  be  no  doubt  that  Mr.  Blackwell's  experi- 
ments are  entitled  to  the  highest  confidence,  as  they  were 
made  with  great  care,  and  afford  an  admirable  model  for  that 
kind  of  experiment  which  is  so  necessary  to  furnish  facts  for 
the  engineer. 

Recurring  now  to  the  formula  at  page  368,  where  m  ^/A3  = 
discharge  for  each  foot  in  width,  it  is  evident  if  b  be  the  width 
of  the  weir  in  feet,  mb^/hs  will  be  the  whole  discharge  per 
minute.  Hence  we  have  only  to  employ  the  corresponding 
coefficient  in  the  table  in  order  to  obtain  the  discharge  in  cubic 
feet  per  minute.  If  h  be  in  feet,  the  value  of  m  must  be  taken 
from  the  fourth  column,  and  if  in  inches,  it  must  be  taken 
from  the  fifth  column. 

Example  :  llecpiired  the  discharge  over  each  foot  in  width  of 
a  plank  2  inches  thick  and  10  feet  long,  with  a  still  pond  above 
it,  and  a  head  of  "25  feet  or  3  inches.   Using  -25  for  the  height, 
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the  corresponding  coefficient  in  the  table  will  be  191.  Hence 

3 

191  X  -25T  =  23-9  cubic  feet  per  minute,  or  using  3  for  the 
height  in  inches,  the  coefficient  is  4' 6.  Hence 

4-G  x3^  =  23-9  cubic  feet  as  before. 

The  quantity  calculated  from  Mr.  Beardmore's  coefficient 

214  would  be  214  x  -252  =  267  cubic  feet. 

EXPERIMENTS   OF   DU    BU AT  AND  OTHERS. 

Mr.  Blackwell  gives  a  diagram  showing  the  mean  results 
arrived  at  by  other  experimenters,  and  from  this  the  following 
Table  of  Coefficients  has  been  prepared. 


Depth 
over 
weir. 

Du  Buat's  experi- 
ments on  a  weir 
184  inches  wide. 

Brindley  and 
Smeaton,  on  a  weir 
6  in.  wide. 

Poncelet  and 
Lesbros,  on  a  weir 
7^  in.  wide. 

Caste]  and  D'Au- 
buisson  on  aweir 
7'87  in.  wide. 

Inches. 

Mean  co- 
efficient 

when  h  is 
in  feet. 

Mean  co- 
efficient 
when  h  is 
in  inches. 

Mean  co- 
efficient 

when  h  is 
in  feet. 

Mean  co- 
efficient 
when  h  is 
in  inches. 

Mean  co- 
efficient 
when  h  is 
in  feet. 

Mean  co- 
efficient 
when  h  is 
in  inches. 

Mean  co- 
efficient 

w  hen  h  is 
in  feet. 

Mean  co- 
efficient 
when  h  is 
in  inches. 

1 

227 

5  47 

200 

4-82 

200 

4-82 

2 

202 

4-87 

204 

4-91 

197 

4'75 

196 

4-72 

3 

169 

4-07 

194 

4-67 

193 

4-G5 

193 

4-65 

4 

168 

4-05 

194 

4-67 

190 

4-58 

190 

4-58 

5 

1G8 

4-05 

191 

4-67 

190 

4-58 

190 

4-58 

G 

178 

429 

190 

4-58 

190 

4-58 

7 

202 

4-87 

201 

4-84 

188 

4-53 

191 

4-G0 

8 

18  1 

4-43 

191 

4-G0 

Mean. 

18G 

4-48 

204 

4-91 

192 

4-63 

193 

4-G5 

Some  engineers  are  in  the  habit  of  gauging  the  depth  over 
a  weir  by  observing  the  height  to  which  the  water  rises  on  the 
lace  of  a  common  2-foot  rule  held  flatwise  to  the  stream,  and 
at  the  outer  edge  of  the  overfall  bar  or  crest  of  the  weir.  Mr. 
Blackwell  made  many  trials  to  ascertain  the  value  of  tins 
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method,  and  he  observes  as  a  result,  "  that  the  head  of  water 
above  an  overfall  may  be  ascertained  approximately,  but  only 
so,  by  the  insertion  of  a  2-foot  rule  held  against  the  stream  on 
the  overfall  bar,  and  observing  the  height  to  which  the  water 
rises,  as  the  total  head  above  the  crest." 

There  can  be  no  doubt  that  this  is  a  difficult  and  uncertain 
method  of  observation,  as  the  water  coming  with  considerable 
velocity  against  the  face  of  the  rule,  does  not  form  a  level  and 
uniform  head  there,  but  is  liable  sometimes  to  be  depressed 
and  sometimes  elevated  above  its  true  level.  The  method  re- 
commended by  Mr.  Beardmore  is  therefore  much  to  be  pre- 
ferred. He  says  a  stake  should  be  driven  in  the  still  pond 
above  the  weir,  until  the  top  is  exactly  level  with  the  top  of 
the  weir  or  overfall  bar.  The  depth  of  the  water  over  the 
stake  can  then  be  dipped  with  the  2-foot  rule  or  any  other 
instrument  for  reading  it,  and  recorded  either  in  inches  or  in 
hundredths  of  a  foot.  One  great  advantage  of  this  method  is 
this,  that  when  the  stake  or  mark  in  the  still  pond  is  once 
accurately  fixed — and  this  should  be  done  by  means  of  the 
spirit-level  in  the  ordinary  manner  of  putting  in  level  stakes — 
the  dipping  on  the  head  of  the  stake  may  afterwards  be  en- 
trusted to  any  careful  person  who  can  read  and  write;  whereas 
the  method  of  dipping  on  the  weir  with  the  flat  side  of  the 
rule  requires  extreme  caution,  and  should  not  be  lightly  en- 
trusted in  the  hands  of  any  but  an  experienced  assistant.  It 
is  important  to  observe  that  the  water  in  the  still  pond  has 
frequently  a  slight  inclination  for  several  yards  above  the  weir, 
so  that  the  stake  should  be  driven  down  where  the  water  is  per- 
fectly level  and  has  no  perceptible  motion.  The  best  formulae 
for  calculating  the  flow  over  weirs  are  all  based  on  the  greatest 
head  or  depth  being  observed. 

M.  Du  Buat  had  assumed  in  the  theory  on  which  his  for- 
mula was  founded,  that  the  thickness  of  the  blade  of  water  was 
equal  to  half  the  total  depth  from  the  crest  to  the  top  of  the 
water.  Mr.  Blackwell  made  experiments  on  this  subject  by 
immersing  the  thin  brass  slide  of  the  rule  and  reading  the 
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depth  when  held  edgewise  to  the  course  of  the  stream.  Mr. 
Blackwell  found  that  the  assumption  of  Du  Buat  was  by  no 
means  correct.  In  the  case  of  the  overfall  plank  2  inches  wide 
the  thickness  varied  from  six-tenths  to  eight-tenths  of  the  total 
depth,  following  the  law  of  increase,  as  the  total  head  increased. 
In  the  case  of  weirs  with  long  crests  the  thickness  is  generally 
much  less,  varying  from  one-fourth  to  one-half  of  the  total 
depth. 

Mr.  Blackwell  observes  truly,  as  the  result  of  his  experi- 
ments, that  no  formula  with  a  constant  coefficient  will  give  the 
true  discharge  of  water  by  a  weir. 

On  the  Importance  of  accurate  Gauging  over  Weirs. 

There  is  no  subject  more  deserving  of  attention  by  the 
waterworks  engineer  than  the  accurate  determination  of  the 
discharge  over  weirs.  In  cases  of  impounding  reservoirs  the 
embankment  is  commonly  furnished  with  a  weir,  over  which  the 
waste  water  passes  for  the  use  of  millers  on  the  stream  below. 
The  discharge  over  the  weir  is  frequently  regulated  by  Act  of 
Parliament,  and  the  Company  is  bound  to  allow  a  certain 
quantity  of  water  to  flow  off  for  the  use  of  the  mills.  Hence 
the  extreme  importance  of  determining  the  exact  discharge  of 
a  weir  in  proportion  to  the  head  of  water  flowing  over  it. 

In  laying  out  or  designing  waterworks  also,  the  accurate 
gauging  of  streams  is  of  the  utmost  consequence,  in  order  to 
show  the  quantity  of  water  which  may  be  depended  on  at  all 
seasons  of  the  year,  and  to  show  by  comparison  with  future 
observations  the  quantity  abstracted  from  mills,  &c.  In  cases 
of  compensation  to  millers  for  loss  of  water-power,  the  accurate 
causing  of  the  various  weirs  and  sluices,  in  order  to  show  the 
comparative  quantity  of  water  used  and  wasted  by  the  millers 
at  different  seasons,  becomes  of  great  importance. 

Probably  the  most  convenient  method  of  gauging  weirs 
would  be  to  have  a  rule  graduated,  to  show  the  discharge  in 
cubic  feel  per  minute  for  each  foot  in  width,  so  that  the  dis- 
charge could  be  read  oil'  at  once  by  inspection,  without  refer- 
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ence  to  a  table  or  calculation.  The  scale  below  shows  how  a 
rule  of  this  description  should  be  graduated,  where  the  usual 

3 

coefficient  5-l  is  adopted  in  the  formula  C  h-  =  D  : — 

Cubic  feet  per 
minute. 

Thus  at  1    inch  on  the  rule  should  be  marked  5-l 
\x  7-14 

I*    >.  „  9-23 

If  „  H-78 

2     „  „  „  14-43 

and  so  on. 

A  rule  of  this  description  would  enable  an  observer,  by  a 
single  trial,  to  pronounce  on  the  spot  what  is  the  approximate 
discharge  of  a  weir,  and  this  without  the  aid  of  a  level  or  any 
instrument  for  putting  in  a  stake,  as  it  would  be  near  enough 
for  this  purpose  to  gauge  over  the  lower  edge  of  the  weir, 
with  the  flat  side  of  the  rule  opposed  to  the  current. 

Where  greater  accuracy  is  required  than  that  derived  from 
a  coefficient,  such  as  5  or  5-l  assumed  for  all  depths,  the  rule 
might  have  divisions  corresponding  to  the  To  powers  of  the 
depths,  or  one  of  the  faces  might  be  so  divided,  in  which  case 
the  observer  might  employ  his  own  coefficient. 

It  may  be  worth  noticing  that  the  discharge  in  cubic  feet  per 
minute  is  readily  converted  into  gallons  per  day  by  multiplying 
by  9000  :  thus,  35  cubic  feet  per  minute  =  35  X  9000  = 
315,000  gallons  per  day  of  24  hours.  This  is  an  operation  so 
simple,  that  it  can  readily  be  performed  in  the  head  without 
any  great  effort  of  mind. 


On  the  Employment  of  the  Coefficient  for  calculating  the 
Discharge  over  Weirs. 

Having  settled  the  general  formula  for  the  discharge  over 

weirs  as  C  h2,  it  is  obvious  that  all  we  have  to  determine  from 
experiment  is  the  value  of  C,  without  any  reference  to  the  ex- 
pression 2g  or  the  force  of  gravity.    In  fact,  there  is  conside- 
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rable  ambiguity  in  the  use  of  this  expression  and  the  meaning 
attached  to  it. 

Dr.  Ilutton  makes  g  to  represent  16TV,  but  Mr.  Blackwell, 
Mr.  Neville,  and  others  who  have  written  on  the  subject  of 
weirs,  have  taken  the  value  of  (j  at  double,  or  32£.  Hence,  as 
the  expression  is  only  necessary  to  elucidate  the  theory  of  the 
subject,  it  is  better  to  get  rid  of  it  altogether  in  practical  cal- 
culations. 

Mr.  Blackwell  uses  two  coefficients,  one  of  which  he  terms 
m  and  the  other  k. 

The  first,  m,  is  merely  a  factor,  by  which  8"03  is  to  be  mul- 
tiplied to  give  the  discharge  in  cubic  feet  per  second,  or  by 
which  481-8  is  to  be  multiplied,  to  give  the  discharge  in  cubic 
feet  per  minute.  His  other  coefficient,  k,  is  to  be  used  when 
the  depth  is  taken  in  inches,  and  really  does  dispense  with  the 

  _3 

factor  s/2  cj,  and  simply  means  the  factor  by  which  /t2  is  to  be 
multiplied  to  give  the  discharge  in  cubic  feet  per  second. 

Hence  it  follows  that  my  coefficient*  for  feet  is  equal  to 
Mr.  Blackwell' s  m  multiplied  by  48 18,  and  my  coefficient  for 
inches  is  equal  to  Mr.  Blackwell' s  k  multiplied  by  60;  or 
algebraically, 

My  coefficient  when  h  is  in  feet     =  481 -8  vi 
„  ,,     h  is  in  inches  =  60  k 

Mr.  Neville,  in  his  tables  of  the  discharge  over  weirs,  has 

3.  3_ 

termed  the  theoretical  discharge  321  h3  instead  of  481-8  h-  in 
cubic  feet  per  minute,  and  his  coefficients  form  factors  by 
which  321  is  to  be  multiplied,  in  order  to  give  the  discharge 
in  cubic  feet  per  minute.  Hence,  collecting  all  the  correspond- 
ing values, 

In  tonus  of  In  terms  of 

Mr.  Blackwell's     Mr.  Neville's 
coefficient.  coefficient. 

My  coefficient  when  h  is  in  feet     =481-8  m  321  m 

h  is  in  inches  =  60  k  7*722  m 


*  Sec  Tables  at  pages  369  and  3/2. 
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On  the  Velocity  at  lohich  Water  should  flow  in  Channels. 

It  is  the  opinion  of  M.  Genieys  and  some  other  hydraulic 
authorities,  that  in  order  to  preserve  the  salubrity  and  fresh- 
ness of  water  flowing  in  open  channels,  the  surface  velocity 
should  not  be  less  than  about  80  feet  per  minute.  Dupuit, 
although  not  disputing  the  advantage  of  rapid  motion  in  open 
channels,  is  of  opinion  that  no  very  extraordinary  sacrifice  of 
economy  ought  to  be  made  to  secure  such  a  velocity  as  80 
feet  per  minute,  and  considers  that  50  feet  per  minute  would 
be  sufficient,  especially  in  aqueducts  and  conduits  of  brick  or 
masonry. 

Mr.  Beardmore  gives  a  table  of  the  characteristics  of  rivers, 
compiled  from  a  paper  in  the  '  Philosophical  Transactions.' 

From  this  paper  and  the  table  which  precedes  it  in  Mr. 
Beardmore's  book,  the  following  brief  notes  are  taken. 

1.  The  artificial  canals  in  the  Dutch  and  Austrian  Nether- 
lands have  I*  =  2  to  9-05  and  V*  =  30  to  40. 

2.  Rivers  in  low  flat  countries,  with  many  turns  and  wind- 
ings, having  a  very  slow  current,  and  being  subject  to  frequent 
and  lasting  floods ;  as,  the  Nene  below  Peterborough,  where 
1=2  and  V=66,  section  of  river  in  feet  44  x  5-5  ;  the  Thames 
below  Staines,  where  I  =  1-50  to  3'73  and  V=  101  to  130. 
When  the  volume  and  depth  are  greater,  however,  the  velo- 
city is  much  increased,  with  only  a  small  addition  to  the  rate 
of  fall.  Thus,  the  Severn  between  Worcester  and  Gloucester, 
with  a  section  of  160  x  16,  has  1  =  5  and  V  =  190. 

Canals  in  Flanders  are  said  to  have  I  =  6" 33  and  V  =  2/5, 
but  this  is  probably  a  mistake,  as  the  velocity  is  much  too 
great  for  the  fall.  The  Neva  at  St.  Petersburg,  with  a  sec- 
tion of  900  X  63,  is  said  to  have  1=17  only,  and  V  =  156. 
The  Ganges,  of  which  the  volume  is  much  greater,  with  1  =  4 
has  V  =  264.  When  the  Nile  is  low,  the  section  at  Cairo  is 
about  900  feet  wide  x  14  feet  deep,  and  1  =  3},  V  =  110; 

*  I  means  the  fall  in  inches  per  mile,  and  V  means  the  surface  velocity 
in  feet  per  minute. 
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when  the  river  is  high,  the  section  at  Cairo  being  1100  x  10, 

1=5  to  5,  and  V=300. 

Mr.  Beardmore  says,  however,  there  are  rivers  of  such  a 

character  thatI=12-18andV=60.  (This  proportion  between 
the  inclination  and  velocity  could  scarcely  obtain  unless  the 
river  were  much  impeded  by  aquatic  plants  or  other  obstruc- 
tions. Scarcely  any  river  can  have  a  section  so  disadvantage- 
ous as  to  produce  an  hydraulic  mean  depth  =  1 ;  and  yet  an 
hydraulic  mean  depth  of  1,  with  an  inclination  of  1  toot  per 
mile,  will  give  a  velocity,  according  to  Mr.  Beardmore  s  own 
formula,  of  nearly  80  feet  per  minute.) 

3  The  upper  parts  of  rivers  in  low  countries,  and  rivers 
generally  in  districts  having  a  mean  inclination  between  flat 
and  hilly  Examples  of  such  rivers  may  be  found  in  the  Dee 
above  Chester,  where  1  =  11,  the  Forth  near  Stirling,  where 
1  =  IS,  the  Seine  from  Paris  to  Havre,  where  I  =  12^ and 
V  =  125  *  the  Shannon  below  Lough  Allen,  where  1-1-2. 
Such  rivers  may  be  taken  in  most  countries  to  have  a  mean 
inclination  of  nearly  16  inches,  and  V  =  90,  although  this  is 
often  exceeded  in  rivers  of  great  depth  and  volume. 

4  Rivers  in  hilly  countries,  with  a  strong  current,  or  nearly 
straight  course,  and  rarely  overflowing.  Examples  :-the  Lune 
above  Lancaster,  where  1=23;  the  Thames  below  Oxford, 
where  1  =  21  and  V  =  176  ;  the  Rhone  from  Besancon  to  the 
Mediterranean,  where  I  =  24-18  st  tlie  Rtline  between  Stras- 
burg  and  Schenckenschantz,  where  1=24;*  the  Tiber  at  Rome, 
where V=197;J  the  Loire,  where  1=242  and  V=256  Mr. 
Beardmore  gives  as  the  type  of  such  rivers  1=24-37  and  _ 
180  but  is  surely  not  correct  in  saying  that  they  rarely  overflow 
-witness  the  Thames  below  Oxford  and  the  Nene  between 

*  From  an  observation  made  by  M.  de  Chezy  on  the  Seine  below  V.m, 
namely  between  Sarin*  and  Neuilly,  the  fall  appears  to  be  only  ' 
English  inches  per  mile,  and  the  velocity  150  feet  per  mmute 

tThe  Rhone  at  Aries,  according  to  Dupuit,  has  a  velocitj  at  low  wate> 
=  287  feet  per  minute,  and  at  Bainane  V  -  511. 

I  I  )upuit. 
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Wansford  and  Peterborough,  where  the  valley  has  I  =  21 -8 
Both  these  rivers  are  remarkable  for  their  extensive  and  devas- 
tating floods,  which  however  are  doubtless  due  in  a  great  mea- 
sure to  the  weirs  built  across  them  for  purposes  of  navigation. 

5.  Rivers  in  their  descent  from  among  mountains  down  into 
the  plains  below,  in  which  plains  they  run  torrent-wise.  Mr. 
Beardmore  gives  as  the  type  of  such  rivers,  I  =  3T68  and 
V  =  300,  and  for  rivers  which  are  absolute  torrents  he  gives 
I  =  37"27,  V  —  4S0.  His  table  of  actual  rivers  contains  only 
two  examples  of  such  currents,  namely  the  Nene  in  the  oolitic 
district  above  Wansford,  where  I  =  38' 7,  and  the  Rhine  be- 
tween Schaft'hausen  and  Strasburg,  where  I  =  48. 

Artificial  Canals  and  Aqueducts. 

The  Canal  de  l'Ourcq,  with  a  fall  of  4  inches  per  mile,  has 
a  calculated  velocity  of  75  feet  per  minute,  while  the  New 
River,  according  to  Mr.  Beardmore,  with  a  velocity  between 
the  sluices  of  1\  inches  per  mile  and  of  5  inches  per  mile  in- 
cluding the  sluices,  has  an  actual  velocity  of  50  to  60  feet  per 
minute. 

The  following  is  a  list  of  some  celebrated  Aqueducts,  taken 
from  Dupuit's  work,  showing  the  inclination  and  velocities. 


Fall  in 

Velocity  in 

NAME  OF  AQUEDUCT. 

feet  per 
mile. 

feet  per 
minute. 

Pont  da 

Gard  at  Nimes  (Section  of  water  4'  x  3 

'■4"  J* 

211 

120 

Aqueduct  of 

Pont  Pyla,  Lvons  (Section  of 

water 

l'-10"  x  l'-10")*  • 

8-80 

177 

11 

Metz  (Section  of  water  3''2"  x  2'- 

2")*  . 

5-30 

107 

11 

Arcueil  .... 

2-20 

u 

Trappes  .... 

0  66 

100 

i > 
i  i 

ii 
it 

Roquencourt  . 
Maintenon 

1-54 
111 

11 

ii 

Caserte,  Naples,   (Section  of 
3'-ll"x  2'  /")*  • 

water 

1-10 

80 

ii 

Montpellier  (Section  of  water  1 2" 

x  0") 

1-52 

•13 

*  Velocity  calculated.  All  the  velocities  in  this  table  arc  mean  velocities, 
which  being  multiplied  by  the  area  of  the  water,  will  give  the  discharge 
per  minute. 
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The  four  first  aqueducts  in  the  preceding  table  are  works  of 
the  Romans,  and  are  remarkable  for  the  high  velocity  of  the 
water  wbicb  flowed  in  them.  That  of  Nimes  in  particular 
when  full  must  have  been  capable  of  conveying  about  eighteen 
million  gallons  in  twenty-four  hours. 

The  aqueducts  of  Trappes,  Roquencourt,  and  Maintenon 
were  formed  for  conveying  the  waters  from  various  streams 
and  impounding  reservoirs  to  supply  the  magnificent  lakes 
and  fountains  in  the  gardens  of  Versailles. 

The  aqueduct  of  Caserte  was  constructed  by  Charles  III., 
Kin-  of  Naples,  to  supply  a  palace  which  he  built  in  the  plain 
of  Capua,  near  Naples.  The  aqueduct  of  Montpelher,  which 
has  a  slower  velocity  than  any  of  the  others,  supplies  water  to 
the  town  of  Montpellier,  consisting  of  33,000  inhabitants, 

ON  THE   FLOW  OF  WATER  THROUGH  PIPES. 

This  subject  is  intimately  related  to  the  flow  of  water  in 
uniform  channels,  which  has  been  already  treated  at  some 
length  •  in  fact,  the  one  subject  may  be  termed  a  modification 
of  the  other.  A  pipe  is  simply  a  channel  in  which  the  wetted 
perimeter  is  the  inner  periphery  of  the  pipe,  and  it  follows, 
from  the  relation  between  the  circumference  and  the  area  o  a 
circle,  that  the  hydraulic  mean  depth  of  a  pipe  when  filled 
with  water  is  simply  one-fourth  of  the  diameter,  thus  : 
Area  of  pipe  __  '7S54  d-  _  d 
Circumference     3-1416d  4 

•    i  -d 

The  hydraulic  mean  depth  of  a  pipe  half  full  is  also  -  -• 

The  same  eminent  men  who  have  investigated  the  flow  of 
water  in  open  channels,  have  also  applied  their  distinguished 
attainments  to  the  subject  of  pipes.  Du  Buat,  Bossut  (  Du- 
plet, and  Coulomb  have  shown  that  the  same  equation  holds 
good  With  respect  to  water  (lowing  in  pipes  as  in  open  channels, 
and  that  R  I  -  «U  +  b\J'~. 

The  values  of  (he  coefficients  a  and  b  in  the  case  of  pipes, 
however,  are  different  from  those  which  apply  to  open  channels. 
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Thus  Prony  determined,  from  fifty-one  experiments  made  by 
Du  Buat,  Bossut,  and  Couplet,  with  pipes  from  1  to  5  inches 
in  diameter  and  from  30  to  1700  feet  in  length,  and  one  pipe 
1 9  inches  in  diameter  and  nearly  4000  feet  long,  that  a  = 
•0000173314  and  b  =  -000348259  ;  and  substituting  these 
values  in  the  above  equation,  it  follows  that  U  =  (2871 '09 

RS  +  -0006129)*  —  -0249  for  measures  in  metres,  and  for 
measures  in  English  feet 

U=  (9419-75  RS  +  ■00665)^--0816    .    .  (20). 
M.  Prony  has  further  simplified  this  expression  for  the 
case  of  pipes  in  actual  practice,  and  replaces  the  preceding 
equation  by  the  following,  in  which  the  value  of  R  is  ex- 
pressed in  terms  of  the  diameter  :  ^  D  S  =  -0003483  U3,  or 
DS  = -0013932  U3    .    .    .  (21). 
Hence  U  =  26'79\/D  S  for  measures  in  metres  ;  and  when 
the  measures  are  in  English  feet  the  expression  becomes 
U  =  48-49N/ITS    ....  (22). 

Now  if  for  S,  the  sine  of  the  inclination,  (  =  -Y  we  sub- 

V  i) 

stitute  H,  the  head  or  fall  in  feet  per  mile,  we  obtain 

48-49   

VBH  =  U    .    .    .  (23) 


V52S0 


VDH     ,  tt     2-25  U2  ,o  n 

=  v        and  H  =  =—    .    .    .  (24). 

lo  JJ 

Eytelwein,  who  followed  the  same  mode  of  investigation  as 
Prony,  also  determined  the  value  of  a  and  b  from  fifty-one  ex- 
periments of  Du  Buat,  Bossut,  and  Couplet.  He  found*  that 
for  pipes  a  =  -0000223  and  b  =  -0002803,  from  which,  wheu 
the  measures  are  in  metres,  we  derive 

U  =  (35G7-29  RI  +  -00157)*—  '0397, 
and  this,  reduced  for  measures  in  English  feet,  becomes 

U  =  (11704  RI  +  -01698)*  — -1303   .    .  (25). 


*  Neville. 
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The  decimal  -01698  may  be  neglected  in  this  equation  j  anfl 
if  we  convert  it  as  before  into  terms  of  the  diameter  and  of  the 
fall  per  mile,  it  becomes 

/n701DH\l_.1303  =  /DHU_.1303.  .  (26)< 
V  5280  x  4  /  V  1-80/ 

The  common  form  of  Eytelwein's  rule  for  pipes  is, 

U  =  50  (  -  dt])i 
\l  +  50  d/ 

when  h  is  the  head  and  I  the  length,  both  in  feet. 

The  expression  50  d,  which  is  added  to  the  denominator  in 
the  above  equation,  may  be  entirely  neglected  in  very  long 
pipes.  Putting  H  for  the  fall  per  mile  as  before,  and  rejecting 
50  d,  Eytelwein's  form  becomes 

TT_/52S0PH\|_  /DT-IU  (2?) 

V  2500  /  V2-112' 

and      H  =  2-^  (28). 

The  subject  of  the  flow  of  water  through  pipes  has  also 
been  investigated  by  Dr.  Thomas  Young,  Sir  John  Leslie,  and 
others.  Julius  Weisbach,  in  a  recent  work  ('Ingenieur-  und 
Maschinen-Mechanik'),  takes  a  somewhat  different  view  from 
other  writers,  and  proposes  this  formula  : — 

where  I  is  the  length  in  feet,  H  the  height  in  feet  required  to 
overcome  friction  in  that  length,  and  the  other  letters  repre- 
sent the  same  as  before. 

If  we  now  take  I  =  5280  feet  in  one  mile,  II  becomes  = 

76-032  U2      90-6  IJ2        _  MS  U2  l'-ll 

-6T4~rT +  eTTDVir-     d  d     •  •  (30)- 

This  formula  is  not  materially  different  from  Prony's  and 
Eytelwein's,  where  the  velocities  are  small,  but  differs  consi- 
derably for  high  velocities.  A  very  excellent  table,  calculated 
from  the  formula  of  Weisbach.  is  inserted  in  Wealc's  '  Engineer 
and  Contractor's  Pocket-book  for  1855-6.'  This  table  has 
been  calculated  in  English  measures  by  Messrs.  Thomson  and 
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Fuller,  Civil  Engineers,  of  Belfast,  and  shows  the  head  required 
to  overcome  friction  in  100  lineal  feet  of  pipe  varying  in  dia- 
meter from  3  inches  up  to  30,  and  at  various  velocities,  in- 
creasing by  one-fifth  of  a  foot  per  second  from  2  feet  up  to  7. 
In  this  table  the  head  multiplied  by  52-8  gives  the  fall  per 
mile  necessary  to  overcome  friction.  The  table  also  gives  the 
quantity  of  water  delivered  in  cubic  feet  per  minute,  correspond- 
ing with  each  amount  of  head  and  rate  of  velocity.  This  dis- 
charge  in  feet  per  minute,  when  multiplied  by  9000,  becomes 
gallons  in  twenty-four  hours. 

This  table  gives  in  all  cases  a  greater  velocity,  and  conse- 
quently a  less  head  for  friction,  than  Prony's  formula.  For 
example  :  with  a  velocity  of  2  feet  per  second  the  following 
is  the  head  in  feet  per  mile  required  to  overcome  friction  : — 

According  to  According  to 

2"2'i  U 

Weisbach's  table.         formula  H   .  

D 

3  inch  pipe      ....  34-79  36  00 

6  inch  „         ....  17  37  18  00 

12  inch  „         ....  8-71  9-00 

24  inch  ,   4-33  4-50 

For  Velocities  of  3  feet  per  second. 

3  inch  pipe      ....          7128  81-00 

G  inch  „         ....          35-85  40-50 

12  inch                                             17-89  20-25 

24  inch                                               8-98  10  12 

For  Velocities  of  7  feet  per  second,  the  highest  in  the  table. 

3  inch  pipe  ....  335  28  441-00 

6  inch  „                ...  197-90  220  50 

]2  inch  „                ...  83.95  110-25 

24  inch  „  ....  41-92  55-12 

It  will  be  observed  that  for  small  velocities,  such  as  2  and 
3  feet  per  second  (those  which  are  most  common  in  the  pipes 
of  waterworks),  the  results  in  the  table  of  Weisbach  differ  only 
slightly  from  those  given  by  the  more  simple  formulae.  For 
high  velocities,  such  as  7  feet  per  second,  the  difference  is  much 
greater  ;  but  this  is  a  velocity  far  too  great  for  water  flowing 
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through  pipes,  and  one  which  occasions  so  much  loss  by  friction 
as  to  he  seldom  used. 

For  long  pipes  we  have  seen  (Equation  24)  that  according  to 

Prony, 

H=  2-25  U^  and  according  to  Eytelwein  (Equation  28), 


II  = 


D 

2-112  U2 


D 

In  order  to  allow  for  the  effects  of  bends  and  other  irregula- 
rities in  pipes,  Mr.  Blackwell  proposes  to  use  2-3  in  the  above 
equation;  and  this  allowance  is  one  which  certainly  errs  on  the 
safe  side,  as  for  a  given  fall  and  diameter  it  shows  a  some- 
what less  velocity  than  that  which  Prony  establishes. 

I  must  here  acknowledge  my  obligations  to  Mr.  Blackwell 
for  his  valuable  suggestion  of  this  very  simple  English  form 
of  Prony's  equation.  In  calculating  the  allowance  for  friction 
in  pipes  of  considerable  length  and  diameter,  it  was  found  an 
exceedingly  ready  and  convenient  method,  although  suggested 
by  Mr.  Blackwell  without  any  pretence  to  extreme  accuracy. 
Having  lately  however  had  the  opportunity  of  comparing  it 
and  deducing  it  directly  from  Prony's  equation,  which  must 
be  considered  the  parent  of  it,  I  am  induced  to  reproduce  it 
here  with  more  confidence. 

As  this  formula  will  be  found  of  immense  practical  value  in 
solving  a  great  many  questions  relating  to  the  dimensions  of 
pipes,° the  velocity  of  water  flowing  through  them,  and  the 
head  to  be  given  to  overcome  friction,  I  shall  briefly  recapitu- 
late the  several  values  of  U,  D,  and  II. 
Let  U  be  the  velocity  in  feet  per  second. 
D  =  diameter  of  pipe  in  feet. 
II  =  inclination  of  pipe  in  feet  per  mile. 

Then  U  = 
1)  = 
II  = 


1)  H 

2-3 

•  (31) 

2-3  U2 

•  (32) 

11 

2  3  U2 

.  (331 

1) 
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Examples. —  1.  Required  the  velocity  of  water  issuing  from 
a  pipe  2  feet  diameter  4  miles  in  length,  connecting  two  re- 
servoirs, one  of  which  is  30  feet  above  the  other. 

Here  D  =  2,  H  =  HQ  =  7'5, 

then  U  =  fij =  =  2'65, 

the  velocity  in  feet  per  second. 

A  2-feet  pipe  has  an  area  of  3*1416  feet,  and,  with  a  ve- 
locity of  one  foot  per  second,  will  deliver  188'5  cubic  feet 
per  minute.  Hence,  with  a  velocity  of  2'55,  it  will  deliver 
188  5  x  2-55  =  480-675  cubic  feet  per  minute,  or  4,326,075 
gallons  in  24  hours. 

2.  Required  the  diameter  of  a  pipe  having  a  fall  of  10  feel- 
per  mile,  capable  of  delivering  water  with  a  velocity  of  3  feet 
per  second. 

9.3  x  3"* 

Here  D  - — — — =v=  2'07  feet,  the  diameter  required. 

3.  Required  the  head  or  fall  per  mile  necessary  to  over- 
come friction  in  a  pipe  3  feet  diameter,  discharging  6  niilliou 
gallons  in  1 2  hours. 

XT      n     q      i  it  6,000,000 
Here  1J  —  3  and  U  = 


60  X  4500  X  32X -7854 
_  6,000,000  _  3.14 
~~  1,908,522 

then  H  =  2-3xf14>2  =  7-56. 
3 

Hence  a  gravitating  main,  3  feet  diameter,  must  have  a  fall  of 
7"57  feet  per  mile,  or  say  in  round  numbers  8  feet  per  mile, 
in  order  to  discharge  6  million  gallons  in  12  hours. 

If  the  pipe  be  a  pumping  main,  the  same  height  of  8  feet 
per  mile  must  be  added  to  the  pumping  lift  in  calculating  the 
power  of  the  engine  required  to  perform  the  work.  See  ex- 
amples at  page  279,  where  the  height  for  friction  is  there 
added  in  computing  the  work  to  be  performed  by  pumping 
engines. 
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Let  Q  be  the  discharge  in  cubic  feet  per  second.  Then 
from  Equation  24  (Prony's)  we  derive 

Q=  (-274  DSH)*    ....  (34); 
also  from  Equation  28  (Eytelwein's)  we  derive 

Q  =  (-292  DSH)*    ....  (3.5); 
nnd  from  Equation  31  (Blackwell's) 

Q=(-268  D5H)2    ....  (36). 
For  short  lengths  of  pipe  the  following  formula  will  be 
found  useful,  where  d  is  the  diameter  in  inches,  h  the  height 
or  fall  of  the  pipe  in  feet,  and  I  the  length  in  feet.    Then  the 
discharge  in  cubic  feet  per  minute  is 

~  \  (-044S  (1  +  4-2  0)  J 
Example:  Required  the  discharge  of  a  2-inch  pipe  100  feet 
long,  with  a  fall  of  4  feet. 

Here  (  ±^  V  =  (™\*=  5-23  cubic  feet. 

\-044S  (100  +  S-4)/  \4MJ 

Let  Q'  be  the  discharge  in  cubic  feet  per  minute.    Then  we 

have  from  Prony's  equation  (20) 

Q'  =  (9S6  D5  II)*  =31-4  (D5 H)*    .    .  (37); 
from  Eytelwein's  equation  (24), 

Q'  =  (1051  D5  H)*  =  32  42  (D5  H)*    .    (38)  ; 
and  from  Blackwell's  equation  (27), 

Q'  =  (965  Ds  H)*  =  31  (D»  II)*  .    .    .  (39). 
If  for  II  we  substitute  h  and  /,  both  in  feet,  we  have  only 
to  multiply  the  coefficient  in  each  of  the  above  equations  by 
72-66,  the  square  root  of  5280,  the  number  of  feet  in  a  mile. 
Tims  the  value  of  Q', 

i 

according  to  Prony,  is  2282  (T>'  ^      .    .    .    (40)  ; 

( 1  )8  /( )  * 

according  to  Eytelwein,  2356  - — j      .    .    .  (41): 

V* 
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accordiug  to  BlackwelL  2252  (D6 h)*    .    .    .  (42)# 

\Jl 

Formula  41  is  identical  with  the  one  which  Mr.  Beardmore 
has  used  to  calculate  his  Table  of  Discharges  (see  page  xvii., 
Beardmore's  'Hydraulic  Tables,'  2nd  edition). 

If  d,  the  diameter  of  the  pipe,  be  expressed  in  inches,  as  is 
frequently  the  case,  all  the  other  dimensions  being  in  feet,  we 

have  only  to  divide  the  coefficient  by  12*=498-8.  We  then 
obtain  the  following  values  of  Q' :  

By  Prony's  formula,  4'5 7  J^il5=Q'     .    ,  (43) 

x 

Eytelwein's,    „  472  ^  h}*  _  q,     _  ^ 


x 

Blackwell's     „  4-51  _  q/ 

Neville's         „  4-81  =  q 


(45) 
(46) 


Formula  44  is  the  same  as  that  which  has  been  derived 
from  Eytelwein's  equation  for  short  lengths,  in  which  the 
diameter  exceeds  T(Uth  part  of  the  length,  namely 

d?  h 


Q'= 

(  -0448  (Z+4-2  d) 

Here  "0448=  or  the  reciprocal  of  the  square  of 

Eytelwein's  coefficient. 

Eytelwein's  formula  44  is  also  identical  with  that  given 
by  Mr.  Pole,  where  /,  the  length,  is  expressed  in  yards,  d 
in  inches,  and  h  in  feet  as  before.  (Paper  in  '  Journal  of 
Gas-Lighting,'  loth  June,  1852.) 

Mr.  Pole's  form  is, 

Here  2-72  =  4-72-5-^/3,  or  equal  to  Eytelwein's  coefficient 
divided  by  the  square  root  of  3. 

a  2 
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Table  I. 


Tahle  of  Horse-Power,  showing  the  amount  required  to  raise  from  50,01X1 
to  10,000,000  gallons  1  foot  high  in  24  hours. 


K-TtlllUllS  lllieU 

Horse 

Lrauons  luted 

Horse 

(jallons  lilted 

Horse 

1  foot  high 

Power 

1  foot  high 

Power 

1  foot  hit?h 

Power 

in  24  hours. 

required. 

in  24  hours. 

required. 

in  24  hours. 

required. 

tn  AHA 

ou,uuu 

,A1  AC 

U1U5 

1     (  A  A  A  A  A 

1  ,4uU,U00 

•  OA  t  C 

294o 

2,/50,000 

•5787 

1  AA  AAA 

•  AO  1  A 

1    ,(  Kfl  AAA 

•  9  A  n 
oOol 

2,800,000 

•5892 

i    a  nAn 
1  5(J,UUU 

Uolo 

1    F;  AA  AAA 
1,500,000 

•3157 

2,850,000 

•5998 

OAA  AAA 

,A  |  Al 

U4Z1 

1    C  r.  A  A  A  A 

1,550,000 

•3262 

2,900,000 

•6103 

250,000 

•0526 

1,600,000 

•3367 

2,950,000 

•6208 

300,000 

■0631 

1,650,000 

•3172 

3  000  000 

•6313 

350,000 

•0737 

1,700,000 

•3577 

3,050,000 

•6418 

400,000 

•0842 

1,750,000 

•3683 

3,100,000 

•6524 

450,000 

•0947 

1,800,000 

•3788 

3,150,000 

•6629 

500,000 

•1052 

1,850,000 

•3893 

3,200,000 

•6734 

550,000 

•1157 

1,900,000 

•3998 

3,250,000 

■6839 

600,000 

•1263 

1,950,000 

•4104 

3,300,000 

•6945 

650,000 

•1308 

2,000,000 

•4209 

3,350,000 

•7050 

700,000 

•1473 

2,050,000 

•4314 

3,400,000 

•7155 

750,000 

•1578 

2,100,000 

•4419 

3,450,000 

•7260 

800,000 

•1684 

2,150,000 

■45 '2  I 

3,500,000 

•7365 

850,000 

•1789 

2,200,000 

•4630 

3,550,000 

■7471 

900,000 

•1894 

2,250,000 

■4  735 

3,600,000 

•7576 

950,000 

•1999 

2,300,000 

•4810 

3,650,000 

•7681 

1,000,000 

•2104 

2,350,000 

•4915 

3,700,000 

•7786 

1,050,000 

•2200 

2,400,000 

•5051 

3,750,000 

•7892 

1,100,000 

■2315 

2,450,000 

■5156 

3,800,000 

•7997 

1,150,000 

•2420 

2,500,000 

•5261 

3,850,000 

•8102 

1,200,000 

■2525 

2,550,000 

•5366 

3,900,000 

•8207 

1,250,000 

•2631 

2,600,000 

•5471 

3,950,000 

•8312 

1,300,000 

•2736 

2,650,000 

•5577 

4,000,000 

•84  1  8 

1,350,000 

•2841 

2,700,000 

•5682 

4,050,000 

•8523 
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Table  I. — Continued. 


Gallons  lifted 
1  foot  high 
in  24  hours. 


4,100,000 

4,150,000 

4,200,000 

4,250,000 

4,300,000 

4,350,000 

4,400,000 

4,450,000 

4,500,000 

4,550,000 

4,600,000 

4,650,000 

4,700,000 

4,750,000 

4,800,000 

4,850,000 

4,900,000 

4,950,000 

5,000,000 

5,050,000 

5,100,000 

5,150,000 

5,200,000 

5,250,000 

5,300,000 

5,350,000 

5,400,000 

5,450,000 

5,500,000 

5,550,000 

5,600,000 

5,650,000 

5,700,000 

5,750,000 

5,800,000 

5,850,000 

5,  '.100,000 

5,050,000 

6. 001), 000 

6,050,000 


Horse 
Power 
required. 


•8628 
•8733 
•8838 
•8944 
•9049 
•9154 
•9259 
•9365 
•9470 
•9575 
•9680 
•9785 
•9891 
•9996 
1-0101 
1-0206 
1-0312 
1-0417 
1-0522 
1-0627 
1-0732 
1-0838 
1-0943 
1-1048 
1-1153 
1-1259 
1-1364 
11469 


1571 
1679 
1785 
1890 
1995 
2100 
1-2206 
1-2311 
1-2116 
1-2521 
1-2626 
1  2732 


Gallons  lifted 
]  foot  high 
in  24  hours. 


6,100,000 
6,150,000 
6,200,000 
6,250,000 
6,300,000 
6,350,000 
6,400,000 
6,450,000 
6,500,000 
6,550,000 
6,600,000 
6,650,000 
6,700,000 
6,750,000 
6,800,000 
6,850,000 
6,900,000 
6,950,000 
7,000,000 
7,050,000 
7,100,000 
7,150,000 
7,200,000 
7,250,000 
7,300,000 
7,350,000 
7,400,000 
7,450,000 
7,500,000 
7,550,000 
7,600,000 
7,650,000 
7,700,000 
7,750,000 
7,800,000 
7,850,000 
7,900,0(10 
7,950,000 

8.000,0110 
8,050,000 


Horse 

Gallons  lifted 

Horse 

Power 

1  foot  high 

Power 

required. 

in  24  hours. 

required. 

1-2837 



A    1  A  A  Ann 

8,100,000 

1  /  04U 

1-2942 

A    1  f-  A  AAA 

8,1 50,000 

1-71  M 

1-3047 

A    AAA  AAA 

8,200,000 

1  .  7  O  t  A 

1-3153 

O    A  r  A  AAA 

8,2o0,000 

1  .    Q  p.  1 

I  /  ou J 

1-3258 

f  I    1  A  A  AAA 

8,300,0UU 

i  •  7  a  a  *i 

1-3363 

8,ooO,OOU 

1  /  0  /  £. 

1-3468 

O     1  A  A    A  A  A 

8,400,000 

1  •  7  A  7  7 

1-3573 

O    1     A  A  A  n 

8,4oO,OUU 

1-3679 

O        A  A  AAA 

8,o00,000 

1  .7QC7 
1  /  00/ 

1  3784 

o  r.  c  n  AAA 

8,550,000 

1  •  7  Q  0 

1-3888 

O   £'  f\ft  AAA 

1  .QAQQ 

1-3993 

O  C.-A  AAA 

8,oo0,000 

1  o  C.VJO 

1-4008 

O  1  A  A  A  A  A 

8,/00,000 

J.  ooVJo 

1-4204 

D  T  £  A  AAA 
8,/  00,000 

J  o4  I ■* 

T4309 

O  QAA  AfiA 

8,o00,0UU 

1  -8^  1  Q 

i  Oi)lf 

1-4414 

O  OCA  AAA 

8,850,000 

1  oU-4 

1-4519 

O  AAA  AAA 

8,900,000 

1  .  Q  7  9  Q 

1-4625 

o  nr. A  AAA 

8,yoo,ooo 

1  Do0-± 

1-4731 

A  AAA  AAA 

9,000,000 

1  o  y  4  U 

1-4836 

A  A  "  A  AAA 

9,0o0,000 

l  y U4 o 

1-4941 

a    t  a  A  AAA 

9,100,000 

1  y  i  o  u 

1  -5046 

A    l  r  A  AAA 

9,150,000 

1  .AO"*  "i 

1  yzoo 

1-5152 

A  O  A  A  AAA 

9,200,000 

1  y  o  o  u 

1-5257 

a  orA  AnA 

9,2o0,00U 

1  -0  i  All 

1-5362 

A  l/lfl  AAA 

y,,joo,uou 

1  •  Q  \  7  1 

1-5467 

a  *j  r.  a  AnA 
y  ,oou,uuu 

1  <1  /  '»  7  h 

1-5573 

A    i  A  A  A  A  A 
9  ,H  00,000 

1-5678 

a  4  r>  a  1 1  n  A 
9 ,  4  0  0 , 0  U  0 

1-5783 

A  rAA  AAA 

9,500,000 

i  y  y  y  £ 

1-5888 

9,550,000 

z  uoy  / 

1-5993 

A    i'  A  A  AAA 

9,<>00,0(KI 

A-A9H9 

1-6099 

fx    f  E  A   A  A  A 

9,0.>0,000 

O •  A '\ i\  7 

z  ooo/ 

1  -620  l 

()   -AA  AAA 
.',  /  OO.OOlf 

9-0.1 1  ^ 

1-6309 

9,750,000 

2  05 18 

1  •('.  1  1  1 
J  Oil) 

0,800,000 

2.0623 

1-6520 

9\850,000 

2  0728 

1-6625 

9,000,000 

2-0834 

1-6730 

0,050,000 

2  0939 

1  -6835 

10,1100,000 

21044 

1-694  0 

APPENDIX. 


391 


Table  II. 


Showing  the  Power  of  Cornish  Engines  working  with  a  load  of  18  lbs.  per 
square  inch  on  the  Piston,  and  an  effective  Velocity  of  1 10  feet  per  minute. 


TV 

Diameter 
of  Cylinder 
in  inches. 

Area  of 
Cylinder  in 

square 
inches  —  a. 

Horse  Power 
of  Engine 
a  x  18  x  1 1 

3300 

1  *1  »11  af  pr 
U 1  (1 1 1 1 C  t  C I 

of  Cylinder 
in  inches. 

Area  of 
Cylinder  in 

sq  uare 
inches  —  u. 

Horse  Power 
of  Engine 
a  x  18  x  1 1 

3300 

15 

177 

n 

23 

415 

25 

16 

201 

12 

24 

452 

27 

17 

227 

14 

25 

491 

29 

18 

254 

15 

26 

531 

32 

19 

284 

17 

27 

573 

34 

20 

314 

19 

28 

616 

37 

21 

346 

21 

29 

661 

40 

22 

380 

23 

Table  III. 

Showing  the  Power  of  Cornish  Engines  working  with  a  load  of  17  lbs.  per 
square  inch  on  the  Piston,  and  an  effective  Velocity  of  1 10  feet  per  minute. 


Diameter 
of  Cylinder 
in  inches. 

Area  of 
Cylinder  in 

square 
inches  =a. 

Horse  Power 
of  Engine 

OX  l/X  11 

3300 

Diameter 
of  Cylinder 
in  inches. 

Area  of 
Cylinder  in 

square 
inches  =  a. 

Horse  Power 
ax  17  x  1 1 

3300 

30 

707 

40 

38 

1134 

64 

31 

755 

42 

39 

1195 

68 

32 

804 

45 

40 

1257 

71 

33 

855 

48 

41 

1320 

75 

34 

908 

51 

42 

1385 

79 

35 

962 

54 

43 

1452 

82 

36 

1018 

58 

44 

1521 

-  86 

37 

1075 

61 

45 

1590 

90 

Table  IV. 

Showing  the  Power  of  Cornish  Engines  working  with  a  load  of  16  lbs.  per 
square  inch  on  the  Piston,  and  an  effective  Velocity  of  110  feet. 


Diameter 
of  Cylinder 
in  inches. 

Area  of 
Piston  in 

square 
inches  =  a. 

Horse  Power 
ax  16  x  11 

3300 

Diameter 
of  Cylinder 
in  inches. 

Area  of 
Piston  in 

square 
inches=a. 

Horsi?  Power 
ox  l6x  li 

3300 

45 

1590 

85 

53 

2206 

118 

46 

1602 

88 

54 

2290 

122 

47 

1735 

92 

55 

2376 

127 

48 

1810 

97 

56 

2463 

131 

49 

1886 

100 

57 

2552 

136 

50 

1963 

103 

58 

2642 

141 

51 

2043 

108 

59 

2734 

146 

52 

2124 

113 

60 

2827 

151 

392 
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Table  V. 


Showing  the  Power  of  Cornish  Engines  working  vnth  a  load  of  15  lbs.  per 
square  inch  on  the  Piston,  and  an  effective  Velocity  of 110  feet  per  minute. 


TV 

Diameter 
of  Cylinder 
in  inches. 

Area  of 
Piston  in 

square 
inches  —  di 

TTnref»  Pnwpr 

1 1  IJloC    1  Unci 

«x  15X  11 
3300 

Diameter 
of  Cylinder 
in  inches. 

Area  of 
Piston  in 

inches  =  a. 

Horse  Power 
a  x  15  x  11 

3300 

60 

2827 

141 

81 

5153 

259 

61 

2922 

146 

82 

5281 

264 

62 

3019 

151 

83 

5411 

271 

63 

3117 

156 

84 

5542 

277 

64 

3217 

161 

85 

5675 

283 

65 

3318 

166 

86 

5809 

i  JO 

66 

3421 

171 

87 

5945 

297 

67 

3525 

176 

88 

6082 

304 

68 

3632 

182 

89 

6221 

311 

69 

3739 

187 

90 

6362 

318 

70 

3848 

192 

91 

6504 

325 

71 

3959 

198 

92 

6618 

332 

72 

4071 

204 

93 

6793 

339 

73 

4185 

209 

94 

6910 

317 

74 

4301 

215 

95 

7088 

354 

75 

4418 

221 

96 

7238 

361 

76 

4536 

227 

97 

7390 

369 

77 

4657 

233 

98 

754  3 

377 

78 

4778 

239 

99 

7098 

384 

79 

4902 

245 

100 

7854 

392 

80 

5026 

251 
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Table  VI. 

Horse-Power  of  Cornish  Steam-Enoines. 
Bxj  Mr.  John  Darlington. 
The  following  Tal>le  has  been  compiled  with  the  object  of  furnishing 
an  approximate  value  of  the  power  in  horses  rendered  by  Cornish  Pump- 
ing Engines  having  cylinders  from  15  to  100  inches  diameter.  The 
elements  employed  for  the  calculations  are  those  most  usual  with  Cornish 
engineers ;  and  the  effective  horse-power  per  stroke  is  given,  that  the  in- 
quirer may  ascertain  the  total  value  of  horse-power  resulting  from  work- 
ing any  given  number  of  strokes  per  minute.    The  steam  in  most  of  the 
Cornish  Pumping  Engines  is  only  permitted  to  act  on  one  side  of  the  pis. 
ton ;  hence  such  mode  of  working  is  technically  termed  "  single  acting." 
Recently  however  it  has  been  considered  that  equal  economy  is  obtained 
by  introducing  the  steam  on  both  sides  of  the  piston,  and  a  few  engines 
are  in  operation  on  this  principle.    The  horse-power  of  such  (double- 
acting)  engines  may  he  found  by  doubling  the  results  given  in  the  Table. 

Horse-Power,  Load  in  Pounds,  and  Speed  per  Minute  of  Cornish  "Single 
Acting"  Exjmnsive  Steam  Pumping  Engines,  having  Cylinders  from  15 
inches  to  100  inches  diameter. 

Initial  Pressure  of  Steam,  30  lbs.  per  sq.  inch.  Temp.  251  -6°.  Full  Pressure  of  Steam, 
l-4th  of  stroke.— Mean  Pressure  of  Steam,  17-8  lbs.  less  l-5th  friction  =  14-24  lbs. 


c 

■  ... 


In. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

2G 


Ft. 

8 


9 
9 
9 
9 
9 

9-5 

9'5| 


O  — 
►J 


Strokes  per 
Minute. 


In. 

176-71 
201-06 
226-98 
254-46 
283-52 
31416 
346-36 
380-13 
415-47 
452-39 
490-87 
530-93 


lbs. 

2,516 
2,863 
3,232 
3,623 
4,037 
4,173 
4,932 
5,413 
5,916 
6,442 
6,989 
7,560 


5 
5 
5 
5 
5 

a 
a 
n 


Speed  per 
Minute 
in  Feet. 


14 
14 
14 
14 
1  i 
12 
12 
12 
12 
12 

II! 
1(1 


Ft. 

80 

80 

80 

80 

80 

81 

81 

81 

81 

81 

85  A 

85A 


to 


Ft. 
224 
224 
224 
224 
224 
216 
21G 
216 
216 
216 
200 
200 


Horse  Power. 


s-s 


304 
3-47 

3-  91 

4-  39 

4-  89 

5-  48 

6-  05 

6-  62 

7-  26 
7-90 
9-05 
9-79 


9 
10 
12 
13 
1  1 
16 
17 
1!) 
21 
21 
22 

s  8 


•53 
71 
96 
•1'.) 
•70 
■63 
1  1 
71 
36 

OS 

17 

90 


IB  'n 
>  v 


to  s 
Ho 


•609 
•691 
•783 
•878 
•978 
1-219 
1-345 
1-476 
1-613 

1-  756 
2012 

2-  176 


894 
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Tadle  VI. —  Continued. 


Diameter  of 
Cylinder. 

Length  of  Stroke 
in  Cylinder. 

1 

Area  of  Cylinder. 
1  1 

In. 

Ft. 

In. 

97 

95 

572  55 

9Q 

9-5 

015-75 

9Q 

9  5 

G60-52 

30 

10 

700-80 

31 
O  I 

10 

754-70 

39 

10 

804-24 

33 

DO 

10 

855  30 

3i 

10 

907-92 

3^ 

10 

902  11 

3fi 
00 

10 

1017-8 

o  / 

10 

1075-2 

3S 

l 

10 

1154-1 

3Q 

10 

1194-5 

10 

1256  5 

A  ^\ 

10 

1320  2 

42 

10 

1385-4 

A  3 

10 

1452  2 

A  A 

10 

1520  5 

A  ^ 

10 

1590-4 

A  fi 

10 

1061-9 

4  7 

10 

1734-9 

J  Q 
■i  0 

10 

1809-5 

4Q 

10 

1885-7 

50 

10 

1963-5 

D  1 

i  n 

2042  8 

52 

10 

2123-7 

53 

10 

2200-1 

54 

10 

2290-2 

55 

10 

237.V8 

5G 

10 

24  63-0 

57 

10 

2551-7 

58 

10 

2642-0 

59 

10 

2733-9 

GO 

]0\' 

>  2827-4 

(il 

i  o-; 

>  2922-4 

02 

10-1 

,  3019-0 

03 

10'. 

>  3117-2 

64 

10  . 

>  3216-9 

G5 

101 

>  3318-3 

Strokes  per 
Minute. 


C  J.  . 


■2- 


lbs. 

8,153 
8,768 
9,405 
10,065 
10,747 
11,452 
12,179 
12,928 
13,700 
14,492 
15,310 
16,148 
17,009 
17,894 
18,799 
19,728 
20,679 
21,052 
22,647 
23,664 
24,705 
25,768 
26,852 
27,956 
29,089 
30,240 
31,414 
32,012 
33,831 
35,072 
30,336 
37,620 
38,930 
40,260 
41,61  I 
42,988 
4  1,388 
45,808 
47,252 


4* 

H 

^  2 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
I 
1 


Speed  per 
Minute 
in  Feet. 


10 
10 
10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 
9J 
9j 

94 

H 
94 


Ft. 

85A 
854 
85i 
80 
80 
SO 
80 
SO 

so 
so 
so 
80 
80 
SO 

so 
so 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
so 
so 

SI 
SI 
S  I 
S  I 

84 
95  81 


Horse  Power. 


I* 


Ft. 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 


c  i 

X  'SI 

g  t 

tj  M 

£  I 


10-56 

24-70 

2-347 

11-35 

26-57 

2-524 

1218 

28-50 

2-707 

1220 

30-50 

3-050 

13-02 

32-56 

3-256 

13-88 

34-70 

3470 

14-76 

36-90 

3-690 

15-67 

39-17 

3-9)7 

16-60 

41-51 

4151 

17-56 

43-91 

4-391 

18-55 

40-39 

4-639 

19-57 

48-93 

4-893 

20-61 

51-54 

5-154 

21-68 

54  22 

5-422 

22-78 

56-96 

5-696 

23-91 

59-78 

5  978 

25-06 

62-66 

6-2GG 

20  24 

65-61 

6-561 

27-45 

68-62 

6-862 

28-08 

7171 

7-171 

29-94 

74-86 

7-486 

31-23 

78  08 

7-808 

32  54 

81-37 

8137 

33-88 

84-71 

8-4  71 

35-25 

8814 

8-814 

30  05 

91-63 

91 63 

38  07 

95-19 

9-519 

39-52 

98-82 

9-882 

41-00 

102  51 

10-251 

42-50 

106-27 

10  027 

4104 

100-10 

11-010 

45-60 

1  14-00 

11-400 

47-18 

117-97 

11-797 

51-24 

122-00 

12-810 

5290 

126- 10 

13-240 

54-71 

130  26 

13-078 

56-49 

131  50 

14-123 

58-30 

138  81 

14-575 

GO-13 

143-18 

15  034 
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1 

1 

Length  of  Stroke 
in  Cylinder. 

Area  of  Cylinder. 

Load  in  pounds, 
less  l-5th  for 
Fri  -tion. 

Strokes  per 
i\iinute. 

Speed  per 
Minute 
in  Feet. 

H  orse 

■  ll 

.  It 
a" 

Economical 
Working. 

Safe 
Working. 

Economical 
Working. 

Safe 
Working. 

Economical 
Working. 

In. 

Ft. 

In. 

11)8. 

Ft. 

Ft. 

fifi 

10-5 

3421-2 

48,716 

4 

9^ 

84 

200 

62-00 

Pi  7 

105 

3525-6 

50,204 

4 

9a 

84 

200 

63-89 

C.8 

10-5 

3631-6 

51,712 

4 

9^ 

84 

200 

65-81 

U  J 

10-5 

3739-2 

53,246 

4 

9i 

84 

200 

67-76 

70 

11 

3848-4 

54,800 

4 

9 

88 

198 

73  06 

/  1 

11 

3959-2 

56,379 

4 

9 

88 

198 

75-17 

79 

11 

4071-5 

57,978 

4 

9 

88 

198 

77-30 

I  o 

11 

4185-3 

59,598 

4 

9 

88 

198 

79-46 

7.1 

11 

4300-8 

61,240 

4 

9 

88 

198 

81-65 

7^ 

11 

4417-8 

62,909 

4 

9 

88 

198 

83-87 

7fi 

11 

4536-4 

64,592 

4 

9 

88 

198 

8612 

77 

11 

4656-6 

66,310 

4 

9 

88 

198 

88-41 

78 

11 

4778-3 

68,036 

4 

9 

88 

198 

90-71 

71 

11 

4901-6 

69,798 

4 

9 

88 

198 

93-06 

SO 

1 1.5 

5026-5 

71,578 

4 

Sh 

92 

196 

99  77 

81 

11-5 

5153-0 

73,378 

4 

Si 

92 

196 

102-28 

82 

1 1-5 

5281-0 

75,201 

4 

8i 

92 

196 

104-82 

S3 
o«j 

1 15 

5410-6 

77,046 

4 

92 

196 

107-39 

84 

11-5 

5541-7 

78,913 

4 

Si 

92 

196 

11000 

85 

12 

5674-5 

80,804 

4 

8 

96 

192 

117-53 

qfi 

ou 

12 

5808-8 

82,717 

4 

8 

96 

192 

120-31 

87 

12 

5944-6 

84,651 

4 

8 

96 

192 

12312 

DO 

1  9 

86, 609 

4 

8 

96 

192 

125  97 

80 

o  J 

12 

6221-1 

88,588 

4 

8 

96 

192 

128-85 

on 

12 

6361-7 

90,590 

4 

8 

96 

192 

131-76 

0  1 

12 

6503-8 

92,614 

4 

8 

96 

192 

134-71 

92 

12 

66176 

94,661 

4 

8 

96 

192 

137-68 

JO 

12 

6792-9 

96,730 

4 

8 

96 

192 

140-09 

94 

12 

6939-7 

98,821 

4 

8 

96 

192 

143-73 

95 

12 

7088-2 

100,925 

4 

8 

96 

192 

146-80 

96 

12 

7238-2 

103,071 

4 

8 

96 

192 

149  92 

97 

12 

7389-8 

105,230 

4 

8 

96 

192 

153-06 

98 

12 

7542-9 

107,410 

4 

8 

96 

192 

156-23 

99 

12 

7697-7 

109,615 

4 

8 

96 

192 

159-44 

100 

12 

7854-0 

111,840 

4 

8 

96 

192 

162-67 

147-62 
15213 
156-70 
161-35 
164-40 
169-13 
173-93 
178-79 
183-72 
188-72 
193-77 
198-93 
204-10 
209-39 
212-56 
217-91 
223-32 
228-80 

234-  04 

235-  06 
240  63 
246-25 
251-95 
257-71 
263-53 
269-42 
275-37 
281-39 
287-47 
293-60 
299-84 
306-12 
312-46 
318-88 
325-35 


W  o 


15-500 

15-  974 

16-  453 
16-941 
18-266 

18-  793 

19-  326 

19-  866 

20-  413 

20-  969 

21-  530 

22-  103 

22-  670 

23-  206 

24-  943 

25-  571 

26-  206 

26-  849 

27-  499 

29-  383 

30-  078 
30  782 

•494 
32-213 

32-  941 

33-  677 

34-  422 

35-  174 
5-935 

36-  700 

37-  480 

38-  265 

39-  058 

39-  860 

40-  669 
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Table  op  the  Yield  op  Chalk  Wells. 


Situation. 

Yield  in  gal- 
lons per  day. 

Authority. 

Amwell  Hill  Well  . 

Amwell  End  Well  . 
Cheshunt  Well 
Tottenham  Court  Road* 
Southampton  . 

Camden  Stationt  • 
Brighton 

Plumstead  Common 
Read's  Brewery 
Truman  and  Hanbury  . 
Experimental   Well  at 
Watford 

2,400,000 

2,500,000 
702,000 
630,000 
288,000 

300,000 
232,000 
600,000 
277,200 
166,320 

1,800,000 

Evidence  of  J.  Muir,  Esq., 
hefore  the  Royal  Com- 
mission on  Water  supply. 
R.  W.  Mylne,  Esq. 
Ditto. 
Ditto. 

'  Hampshire  Independent,' 

May,  1841. 
Mr.  Baton. 
Mr.  R.  Stephenson. 
Mr.  Homersham. 
Mr.  Braithwaite. 
Mr.  Davidson. 

Mr.  Stephenson* Mr. Paton. 

List  op  some  op  the  rniNcrpAL  Chalk  Spiuxgs  in  England. 

1.  Situate  on  the  Long  Slope  of  the  Chalk. 
Leatherhead,  close  to  Guildford  Road. 
Croydon,  near  the  church. 
Carshalton. 
Orpington. 

Birchington,  Isle  of  Thanet. 
Bedhampton,  near  Portsmouth. 

Chadwell,  near  Hertford,  yielding  from  2,700,000  gallons  up  to  4} 
million  gallons  per  day. 

Woolmers,  in  the  valley  of  the  Lea,  yielding  2,700,000  gallons  per  day. 
River  Lea,  ahove  Luton,  chiefly  spring  water,  yielding  5,400,000 

gallons  per  clay. 

Bourne  Stream,  Riddlesdown,  2,025,000  gallons  per  day. 

Grays  Thurrock  springs,  now  pumped  up  for  the  supply  of  Brent- 
wood, Romford,  &c,  capahlo  of  yielding  7,000,000  gallons  a-day. 

2.  Springs  situate  on  the  Escarpment  side,  or  Short  Slope  of  the  Chalk. 
Bourne  Mill,  near  Farnham. 

The  Holy  Well  at  Kompcring,  on  the  south  sido  of  the  K  irth  Downs. 

•  In  18 13  Mr.  Mylne  stated  the  yield  of  this  well  was  423,360  gallons 
per  day.    The  spring  whs  met  with  231  foot  below  the  surface. 

f  Well  sunk  180  foot  deep  down  to  tho  chalk,  then  borod  200  fcot 
di  ep  in  chalk. 
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Lydden  Spout,  near  Folkestone. 
The  Holy  Well,  Beachey  Head  Cliff. 

Nine  Wells,  near  Cambridge,  yielding  423,000  gallons  per  day  accord- 
ing  to  my  gaugings  in  October,  1854. 

Cherry  Hinton,  near  Cambridge,  yielding  709,000  gallons  per  day  ac- 
cording to  my  gaugings  in  October,  1854. 

Godstone,  Surrey. 

Cheriton,  near  Folkestone. 


SOUTH   STAFFORDSHIRE  WATERWORKS. 

SPECIFICATION  OF  ENGINES,   BOILERS,   AND  PUMPS. 

This  Contract  comprises  the  making,  erecting,  and  setting  to  work  of  one 
pair  of  engines,  with  boilers  and  pumps  complete,  capable  of  delivering  in 
twelve  hours' work  2,500,000  gallons  of  water  through  the  main  pipe, 
under  a  head  on  the  pumps,  including  the  friction  of  the  water  in  the 
pipes,  of  355  feet. 

The  engines  are  to  be  erected  on  a  certain  plot  of  land  called  Sandgate, 
adjoining  the  South  Staffordshire  Railway,  and  lying  about  halfway  be- 
tween the  Hammerwich  and  Lichfield  Stations  of  that  Railway.and  bounded 
on  one  side  thereof  by  the  Lichfield  Branch  of  the  Birmingham  Canal. 

The  general  arrangement  and  design  of  the  engine,  &c.  is  shown  on  the 
drawing  attached  to  this  Specification. 

The  engines  are  to  be  condensing  and  expansive  double-acting  beam 
engines,  coupled  together  and  working  with  cranks  on  the  same  crank- 
shaft, with  one  fly-wheel  between  them. 

The  connecting-rods  are  to  be  made  so  that  cither  engine  can  be  easily 
disconnected  at  the  crank-pin ;  and  either  engine  must  be  able  to  work 
alone  as  well  as  in  conjunction  with  the  other;  and  when  working  alone 
must  be  able  to  perform  one-half  of  the  work  specified  for  the  pair. 

Each  engine  to  have  one  steam-cylinder  without  jacket.  The  steam- 
vnlves  to  be  double-beat  gun-metal,  with  proper  nozzles  complete,  and 
throttle  and  expansive  gearing,  so  as  to  cut  off  the  steam  at  any  required 
portion  of  the  stroke. 

The  air-pump  valves  to  be  formed  of  vulcanised  india-rubber  flaps, 
working  on  gun-metal  gratings. 

The  principal  dimensions  of  the  engines  arc  to  be  as  under: — 

Steam-cylinders  46  inches  diameter  each;  length  of  stroke  of  ditto,  8 
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feet ;  extreme  length  of  main  beam  from  cylinder  centre  to  connecting-rod 
centre,  26  feet  6  inches ;  radius  of  crank,  4  feet. 

Height  of  beam  centre  from  floor  of  engine-house,  21  feet  4  inches. 

Width  from  centre  of  one  engine  to  centre  of  the  other,  14  feet  2  inches. 

Diameter  of  fly-wheel  not  less  than  21  feet,  with  large  and  heavy  rim 
to  regulate  the  motion  of  the  engines  perfectly. 

The  piston-rods  of  the  cylinders  must  be  of  the  best  refined  iron:  the 
pistons  to  be  fitted  with  the  most  approved  metallic  packing. 

The  cranks,  crank-shafts,  and  beam-centres  must  be  all  of  the  best 
wrought  iron. 

All  the  bearings  must  be  formed  of  the  best  gun-metal,  of  ample  thick- 
ness and  strength,  and  be  fitted  into  their  places  so  as  to  bear  on  the  iron 
over  their  whole  surface. 

Every  part  of  the  engines  must  be  made  strong  enough  to  bear  without 
breaking  ten  times  the  maximum  strain  that  can  ever  arise  in  working. 

A  cast-iron  floor,  supported  on  iron  girders,  is  to  be  placed  round  the 
upper  part  of  the  cylinders,  for  the  convenience  of  packing  the  glands  and 
examining  the  pistons  ;  to  be  connected  with  the  engine-house  floor 
below  and  the  beam-floor  above,  with  neat  open  cast-iron  stairs  and  light 
handrail.  Cast-iron  plates  are  to  be  fixed  in  a  neat  and  convenient  manner 
over  all  parts  of  the  cold-water  cisterns,  well,  and  other  parts  to  which 
access  is  required  ;  proper  railings  to  be  provided  where  required  in  the 
judgment  of  the  engineers  of  the  Company  for  the  safety  of  the  engine- 
workers. 

A  travelling-crane  of  the  best  description,  capable  of  lifting  ten  tons,  is 
to  be  provided  and  fixed  over  the  engines. 

The  engines  are  to  be  finished  as  bright  engines;  all  the  joints  are  to 
be  made  metal  and  metal ;  all  levers,  journals,  and  other  working  bearings 
to  be.  case-hardened,  and  joint-pins  under  H  inch  diameter  to  be  of  steel ; 
and  the  whole  of  this  work  throughout  to  be  finished  in  the  best  style  of 
modern  engines. 

Each  engine  is  to  be  provided  with  one  double-acting  combined  plunger 
and  lift  well-pump,  so  made  as  to  discharge  equal  quantities  of  water  in 
the  up-and-down  stroke.  The  plungers  are  to  be  worked  by  means  of 
strong  connecting-rods  direct  from  the  main  beam  of  the  engines.  To  he 
attached  at  the  top  to  the  fly-wheel  connecting-rod  centres,  and  at  the 
bottom  to  a  cross-head  fitted  lo  the  top  of  the  plunger.  To  be  connected 
at  each  end  with  proper  straps  and  bearings. 

The  diameter  of  the  pumps  is  to  be  such  that  the  engines  shall  raise  the 
above  specified  quantity  of  water  when  they  are  making  15  strokes  per 
niiuutc. 

The  rising  pipe  of  the  pump  to  be  three  times  the  area  of  the  plunger 
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bo  far  as  the  plunger  descends  into  it.  Proper  guides  to  be  fixed  in  such 
a  manner  as  to  secure  a  uniformly  perpendicular  motion  to  the  plunger. 

The  pumps  are  to  be  placed  on  separate  wells,  in  which  water  will  stand 
70  feet  below  the  engine-house  floor,  and  they  must  be  provided  with  the 
most  convenient  ladders,  stages,  and  means  of  access  to  all  the  valves  and 
the  necessary  suction  and  delivery  pipes. 

Pipes  are  to  be  provided  to  connect  the  two  pumps  together  and  with 
the  main  through  which  both  are  to  pump.  Each  pump  must  also  be  pro- 
vided with  a  stop-valve,  made  perfectly  tight,  so  as  to  prevent  the  return 
of  the  water  when  either  or  both  pumps  are  not  at  work. 

On  each  rising  main,  immediately  above  the  working  barrel  and  on  the 
breeches-pipe  connecting  to  the  large  water  main,  a  4-inch  blow-out  valve 
is  to  be  placed,  loaded  to  150  lbs.  to  the  square  inch,  and  each  commanded 
by  a  -1-inch  double-faced  screw-cock,  placed  between  the  barrel  or  main 
pipe  and  the  blow-off  valve,  so  as  to  ease  the  pump  at  starting. 

An  air-vessel  is  to  be  provided  to  each  pump,  the  capacity  of  each  of 
which  must  be  equal  to  ten  times  the  quantity  of  water  raised  by  both 
pumps  in  one  complete  stroke  of  the  engines.  These  air-vessels  must  be 
proved  to  be  perfectly  tight  under  a  pressure  of  600  feet  of  water. 

Each  air-vessel  must  be  provided  with  proper  discharge  and  filling  pipes 
and  taps,  and  wrought-iron  diaphragm  floats  filling  nearly  the  whole  in- 
terior diameter  of  the  air-vessel,  so  as  to  keep  the  surface  of  the  water  in 
the  air-vessel  as  far  as  possible  from  contact  with  the  contained  air. 

Proper  double-faced  stop-cocks  of  Nasmyth's  pattern  must  be  placed  in 
t  ie  inlet  and  outlet  pipe  to  each  air-vessel  and  the  pipe  connecting  the 
two  pumps. 

The  pump  and  well-work  is  all  to  be  made  on  the  most  improved  plans, 
and  the  pump-valves  must  be  Ilosking's  patent  gutta-percha  ball  valves. 
The  bucket  to  be  geared  with  metallic  packing. 

The  engines  to  be  provided  with  proper  balance-weights  at  the  cylinder 
ends,  to  be  fixed  either  in  the  pistons  or  between  the  cheeks  of  the  beams, 
so  as  to  balance  the  plunger  ends. 

Four  boilers  are  to  be  provided,  of  the  following  dimensions,  viz.  cylin- 
drical, with  flat  ends,  and  two  internal  tubes  passing  through  each.  Each 
boiler  is  to  be  32  feet  long,  7  feet  diameter,  and  the  internal  tubes  2  feet 
3  inches  diameter  above  the  fire-places,  and  1  foot  9  inches  diameter 
beyond. 

The  plates  for  these  boilers  are  to  be  T7jj  inch  thick,  except  the  end 
plates,  which  are  to  be  Tnff  'inch  thick,  with  angle  iron  ribs  riveted  on  to 
stiffen  them. 

The  ordinary  working  pressure  of  (he  steam  is  not  to  exceed  25  lbs.  per 
Harare  inch  j  but  all  the  boilers  must  be  proved  by  water  pressure  to  be 
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perfectly  tight  under  a  pressure  of  80  lbs.  per  square  inch  before  tbey  are 
fixed. 

All  the  boiler  plates  are  to  be  of  the  best  Staffordshire  iron,  with  the 
exception  of  those  over  the  fire,  which  are  to  be  of  Lowmoor  iron. 

The  steam-pipes  are  to  communicate  with  each  boiler  by  means  of  a 
steam-valve,  and  a  similar  steam  throttle-valve  is  to  be  provided  for  eacb 
engine  in  the  engine-house,  so  that  either  engine  may  be  worked  from  any 
boiler. 

Similar  arrangements  are  to  be  made  to  enable  any  boiler  to  be  fed  bj 
nilber  engine.  The  blow-off  hot  and  cold  feed  must  be  so  arranged  with 
proper  stopcocks,  as  all  to  enter  the  boiler  through  one  junction-pipe  to 
be  attached  to  the  bottom  of  the  boiler  at  the  front  end. 

A  wrought-iron  expansion  flange  to  be  provided  and  riveted  on  the 
main  range  of  steam-pipes  between  each  boiler. 

Each  boiler  to  have  two  cast-iron  man-hole  lids  riveted  on  over  the  top 
of  the  boiler,  and  one  wrought-iron  man-hole  and  clench  plate  to  be  fixed 
in  part  of  the  boiler  below  and  between  the  tubes. 

Each  boiler  to  be  fitted  with  one  blow-off  valve  attached  to  one  of  the 
man-hole  lids  5  inches  diameter;  three  brass  gauge-cocks,  a  glass  guard- 
gauge,  and  float-gauge  and  whistle  to  be  attached  to  each  boiler.  The 
ash-pit  to  be  covered  with  strong  smooth  cast-iron  plates. 

Approved  steam  and  vacuum  gauges  to  be  provided  and  fixed  in  the 
engine-house.  A  complete  set  of  spanners  to  fit  every  sized  nut  in  the 
engine  and  pump-work,  to  be  arranged  upon  a  cast-iron  plate  and  fixed 
against  the  wall  of  the  engine-house.  Two  sets  of  firing-irons,  a  set  of 
taps  and  dies,  with  hammers,  files,  chisels,  and  vice  to  be  provided.  A 
set  of  small  brass  oil-cups  and  siphons  with  spring  lids  to  be  affixed  to  all 
the  principal  bearings.  A  well-gauge  and  float  is  to  be  fixed  so  as  to  be 
seen  in  the  engine-house.  An  approved  counter  to  be  affixed  to  each  en- 
gine-beam, so  that  it  cannot  be  worked  except  the  engine  is  worked. 

The  following  duplicates  are  to  be  provided  : — A  set  of  main  pump 
buckets  and  clacks;  ditto  for  coll  water  pump;  a  duplicate  valve  of  each 
description  of  steam  and  stop-valve  throughout  the  engine;  a  dozen  glass 
tubes  for  guard-gauges;  twelve  bolts  and  nuts  for  cylinder  covers,  six  for 
pistons,  twelve  for  clack  doors,  six  for  plunger  glands. 

The  engine  cylinders  and  all  the  steam-pipes  are  to  be  covered  with  2 
inches  thickness  of  felt  ami  canvas,  to  prevent  the  radiation  of  heat, 
lagged  on  the  outside  with  1  inch  wrought  and  bead  deal  lagging  well 
hooped  round. 

All  the  work  is  to  be  painted  once  before  leaving  the  contractor's  pre- 
mines,  ami  is  to  receive  two  more  coats  of  oil-paint  after  being  fixed.-the 
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Wishing  colour  being  such  as  may  be  approved  by  the  Company's  en- 
gineers. 

This  specification  is  intended  to  describe  generally  the  engines,  pumps 
and  boilers  required,  but  is  to  be  understood  that  the  contractor  is  to  pro-' 
vide  and  fix  complete  every  kind  of  iron-work,  steam-feed,  condensed  and 
waste-water  P,pes,  suction  pipes,  delivery  pipes,  foundation  plates,  washers 
furnace  and  boiler  fittings,  dampers,  girders,  floor  plates,  and  apparatus  of 
every  kind  in  the  engine  and  boiler-house  and  well,  that  are  required  to 
make  the  works  complete  in  every  respect,  and  capable  of  performing  the 
duty  required,  although  many  of  the  details  may  not  be  specially  described 
in  this  specification. 

All  the  work  described  in  this  specification  is  to  be  made  with  the  best 
materials  and  workmanship,  and  is  in  all  respects  to  be  subject  to  (he 
approval  of  the  Company's  engineers,  and  to  their  inspection  at  all  times 
during  the  progress  of  the  work. 

It  is  to  be  understood  that  no  earthwork,  bricklayers'  work,  masons'  or 
builders'  work  is  included  in  this  specification.  This  part  of  the  work  is 
to  be  executed  by  the  Waterworks  Company;  but  the  contractors  for  the 
engines  shall,  within  one  month  of  signing  the  contract,  supply  the  Com- 
pany s  engineer  with  a  detail  working  drawing,  showing  the  entire  engines, 
boilers,  and  pump-work,  together  with  the  masonry  and  brickwork  required 
for  the  foundations  and  boiler  seatings,  with  the  position  of  all  foundation 
plates  and  holding-down  bolts  clearly  marked  on. 

The  engineers  shall  have  full  power  to  alter,  vary,  diminish,  or  increase 
the  works,  without  in  any  way  releasing  the  contractors  from  the  respon- 
sibility and  conditions  attached  to  this  contract;  any  additions  to  or  de 
ductions  from  the  amount  of  works  included  in  this  contract  which  may 
be  made  by  an  order  in  writing  by  the  engineers  shall  be  added  or  de- 
ducted from  the  amount  of  the  contract  according  to  the  schedule  of  prices 
attached. 

The  whole  of  these  works  are  to  be  delivered,  fixed,  and  set  to  work  on 
(he  site  before  mentioned  on  or  before  September  30,  185G. 

Payment  to  be  made  upon  the  certificate  of  the  engineers  as  follows  — 
30  per  cent,  of  the  contract  amount  immediately  work  to  that  value  shall 
have  been  delivered  upon  the  ground;  an  additional  30  percent,  when  the 
whole  of  the  work  shall  have  been  delivered ;  a  further  instalment  of  30 
per  cent,  when  the  engines  shall  have  been  started,  and  are  working  to  the 
satisfaction  of  the  engineers. 

The  balance  by  two  equal  instalments,  one  at  the  end  of  six  months  and 
(he  other  at  the  end  of  twelve  months  from  the  period, of  starting  the  en 
gines,  and  during  which  period  the  contractors  will  In  responsible  for  the 
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engines  and  have  to  keep  them  in  good  repair;  and  the  balance  above 
mentioned  shall  only  be  paid  provided  tde  contractors  shall  have  ful- 
filled  all  the  conditions  of  the  contract  to  the  satisfaction  of  the  Engineers. 
And  in  case  of  any  dispute  as  to  any  matter  of  account  between  the  Com. 
pany  and  the  contractor,  the  same  shall  be  referred  to  the  engineer* 
whose  decision  shall  be  final  and  binding  between  both  parties. 
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Carlisle,  supply  of  water  to,  128. 
Chalk-springs  and  chalk  tormation,  24. 
 inclination  of  the  line  of  satura- 
tion in  the,  30. 

wells  between  Sittingbourne  and 


Maidstone,  29. 

 exhausted  by  pumping,  32. 

 mode  in  which  waler  permeate* 

through,  32.  . 
 of  Watford,  borings  made  in  the, 

AA'  and  Tertiary  Strata,  faults  in,  38. 

 „l  various  points  in  and  near  Lon- 
don, depths  of,  38. 

 near  London,  faults  nnd  disturb- 
ances of,  33.  . 

 hydrographical  differences  in  the, 

40. 

 position  of  the  Gault  very  imi>or- 

tant  with  reference  to  the,  41. 

 districts,   direction   of  streams 

flowing  through,  12.  . 

  from  invisible  springs, 

increase  of  volume  derived  by  rivers 

'"'    J  .    between  Maidenhead 

nnd  Saffron  WaMon,  disturbance  of,  40. 

 streams,  discharge  of,  45. 

 towns  having  springs  on  the  long 

slope  of  the,  48. 
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Clialk-ranges,  springs  on  the  escarpment 

side  of  the,  -19. 
—         formation  all  over  the  world, 

great  extent  of  the,  52. 
 in  France,  Spain,  North  and  Soulh 

America,  53. 
 in  the  London  basin,  deposits  above 

the,  5-1. 

 springs  near  Cheriton,  85. 

 and  clay  as  to  permeability,  com- 
parison of,  146. 

 wells  and  springs,  tables  of,  396. 

Channels,  motion  of  water  in  uniform 
open,  351. 

 velocity    with    which  water 

should  How  in,  377. 
Chelsea  Water  Company,  water  pumped 

by,  273. 

 Waterworks,  new  reservoirs  of 

the,  339. 

 filter-beds  of  the, 

345. 

Chester,  supply  of  water  to,  128. 
Chicago,  pumping-engines  at,  254. 
Cirencester,  supply  of  water  to,  107. 
Clarke,  Jacob's  Well  described  by  Dr.,  5. 
Clay,  the  London,  59. 
Cluherbuck  on  the  water-level  in  chalk- 
wells,  22. 

 on  the  valley  of  the  Colne,  26. 

Coal-measures,  effects  of  faults  in,  and 

principal  towns  on,  167. 

 formation,  water  of  the,  166. 

Collecting  water,  expense  of,  I. 

 ■  rain-water,  expense  of,  2. 

Colne,  watershed  of  the  river,  16. 
Condensing-engines  for  pumping  water, 

255. 

Cone  theory  in  well  sinking,  160,  161. 
Constantinople,  ancient  works  for  the 

supply  of,  11. 
Coral  Bag,  thickness  of  the,  103. 

 of  Berkshire  and  Wilts,  97. 

 structure,  composition,  and 

water  derived  from  the,  101. 
Cornbrash,  description  of  the,  105. 
Cornish  mines,  yield  of  water  by  the. 

229. 

 engines,  abandon  of  the  system 

of  reporting,  230. 

 engine  at  East  London  Water- 
works, 255. 

 experiments  on  working 

of,  257. 


-  at  East  London  Works, 
drawing  of,  258. 

 working  power  of,  276. 

 Darlington's  table  of,  277. 

 on  the  properties  of,  278. 

— ;  table    of  proportions 

adopted  in,  279. 

 gradual  improvement  in 

the  duty  of,  305. 

 work  performed  by,  31.3. 

 comparative  cost  of,  318. 

g— ■  tables  of  horse-power  of, 

 Darlington's  table  of,  393. 

—  pumping-engines,  Hocking  on 

the  annual  working-cost  of,  321. 


Coventry,  supply  of  water  lo,  128. 

 artesian  wells  and  amount  an- 
nually pumped  at,  128,  129. 

Crag  formation  of  Norfolk  and  Suffolk 
75. 

Curb,  origin  of  sinking  wells  by  means 
of  a,  5. 

Current  meters,  gnueing  by  means  of,  362. 
 acting  as  dynamometers, 

364.  ' 
Cuttings,  indications  as  to  permeability 

in  the  face  of,  146. 

Dalton's  experiments  on  evaporation  and 

infiltration,  14. 
 gauges  kept  by  Mr.  Dickinson, 

28. 

Darlington's  table  of  horse-power  of 
Cornish  steam-engines,  393. 

Darlington,  supply  of  water  to,  129. 

B'A  ulmisson,  methods  of  gauging  de- 
scribed by,  366. 

Davidson's  observations  on  London  wells 
31. 

Dean  of  Westminster  on  the  subject  of 

the  London  chalk  basin,  29. 
 on  the  Kin'-no- 

ridgo  clay,  103. 
De  la  Beche  on  the  Kimmerid^e  olav 

103.  J 
De  la  Condamine's  paper  on  dislocations 

of  the  Tertiary  Strata,  36. 
Depositing   reservoirs  of   the  Chelsea 

Company,  347. 
Derby,  supply  of  water  to,  129. 
Diagram  illustrating  the  causes  which 

give  rise  to  springs,  17. 
 illustrating  the  origin  of  sprint's. 

Dr.  Buckland's,  18. 
 illustrating  the  rise  of  water  in 

wells,  20. 

 showing  line  of  saturation  111 

porou3  strata,  20,  21. 
  showing   the   occurrence  of 

springs  thrown  out  by  faults,  22. 
 showing  section  from  Tring  to 

Sevenoaks,  35. 
 showing  the  influence  of  faults 

in  the  Tertiary  Strain,  ::9. 
 illustrating  the  occurrence  of 

springs  on  the  long  slope  of  the  chalk, 

47. 

  showing    the  occurrence  of 

springs  on  the  escarpment  side  of 

chalk-ranges,  49. 
— ;  illustrating  the  phenomena  of 

intermittent  springs,  51. 
Dickinson's  experiments  on  evaporation 

and  infiltration,  15. 

 gauges  kept  by  Mr.,  28. 

Diluvium  covering  Lower  Greensand,  84, 

87. 

D'Orbigny  on  the  Trias  and  Permian 

groups,  1 16. 
Drainage-area  of  the  Watford  district, 

Telford  on  I  he,  16. 
  works  obtaining  a  supply 

from,  327. 

Drill-gravel  covering  the  London  Clay, 
wolls  in  the,  60. 
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Drift-gravel  seldom  gives  rise  lo  over- 
flowing Artesian  wells,  61. 

  covering  Trias  and  Permian 

rocks,  water  in,  117. 

Duty  of  engines  at  Wolverhampton 
Waterworks,  240. 

 at  East  London  Water- 
works, 246. 

 of  pumping  engines,  303. 

  and  consumption  of  fuel,  relation 

between,  310. 

 of  various  engines,  table  of,  311. 

East  London  Waterworks,  Cornish  en- 
gine at,  256. 

 ■  cost  of  pump- 
ing at  the,  315. 

Company,  water  pumped 


by,  273. 

Egypt,  ancient  canals  and  lakes  of,  7. 
Embankments  of  impounding  reservoirs, 

3Si-  ■        _  .a 

Engineers,  table  of  proportions  adopted 

by  Cornish,  279. 
Engine-power  at  waterworks,  surplus, 
158. 

 of  the  London  Companies, 

comparative,  274. 

Engines  of  the  Wolverhampton  Water- 
works Company,  211. 

 at  Birmingham,  pumping,  24o. 

 .  Waterworks, 

description  of,  247. 

  at  East  London  Waterworks, 

pumping,  216. 

-  drawing 


of  Boultoii  and  Watt's,  247. 

 draw- 
ing of  Cornish,  258. 

 duly  of  American  pumping,  253. 

 at,  Chicago  and  Brooklyn,  254. 

 on  calculating  the  power  of,  269. 

 mode  of  calculating  the  power 

of  pumping,  276. 

 proportions  of  Cornish,  278. 

 expansion  of  steam  in  working, 

284. 

 calculation  of  power  in  Ameri- 
can, 285. 

 Hoswell's  formula  for  calculating 

power  of,  286. 
 for  Albany  and  Brooklyn  \\  orks, 

288. 

 non-condensing  American,  290. 

 for  pumping  water,  on  the  cost 

of,  292. 

 table  of  tlio  cost  of, 

293. 


 remarkii  on  the  cosl 

of,  298. 

 of   llio   South  Staffordshire 

Waterworks,  299. 

 beams  of  pumping,  300. 

 duty  of  pumping,  303. 

 work  performed  by  Cornish,  313. 

 comparative  cost  of  Cornish,  318. 

 Hocking  on  the  annual  expenses 

of  Cornish  pumping,  321. 

 tables  of  horse-power  of  Cornish, 

391. 


Engines  tables  of  horse-power  of  Dar- 
lington's, 393. 

 of  South  Staffordshire  Works, 

specifications  for,  397. 

Evaporation,  4. 

  of  rain,  13. 

 Dalton's  experiments  on,  11.. 

 Dickinson's  experiments  on, 

15. 

Ew  bank's  description  of  ancient  wells,  l.i 
Exeter,  supply  of  water  to,  129. 
Expansion  of  steam  in  engines,  284. 
Experiments  much  required  on  the  pns- 

suge  of  water  through  sluices,  361. 
 on  weirs,  368. 

Faults,  springs  caused  by,  19,  22,  23. 
 in  the  chalk  and  Tertiary  Strata. 

36. 

 and  disturbances  of  the  chalk 

near  London,  38. 
 at  Lewiikamand  New  Cross,  effect 

of,  38. 

 diagram  showing  influences  of,  39. 

 in  the  Loudon  basin,  on  the  twe 

principal,  40. 

-  of  the  New  Bed  Sandstone  inrlu- 


encing  the  height  of  water  in  wells,  147.' 
in  the  coal-measures,  167. 


Filter-beds,  342. 

 mode  of  cleansing,  345. 

 of  the  Chelsea  Company,  348." 

 cost  and  capacity  of,  350. 

Filtration,  Scotch  system  of  triple,  344. 
Fitl on's  description  of  Lower  Greensand. 
83. 

.  subdivision  of  Lower  C.reeusanfl 

iuto  three  separate  groups,  85. 

 on  the  thickness  of  Portland  sand 

and  stone,  102. 

Flow  of  water  in  open  channels,  experi- 
ments on,  352. 

 of  water  over  weirs,  367. 

 through  pipes,  380. 

  of  water  through  pipes,  example! 

showing  mode  of  calculating.  385. 

Force-pumps  with  solid  plunger-piston 
241. 

 drawing  of,  213. 

Forcing  plunger-pumps  at  East  Londor 

Waterworks,  256. 
Forest  marble  of  Bath  and  Frome,  106. 
Formula;  for  How  of  water  through  pipes 

383. 

French  method  of  boring,  183. 
Friction  of  water  flowing  through  pipes 
384. 

Fullers'  earth  formation  of  the  south, 
west  of  England,  99. 

 under  the  Great  Oolite,  105 

 thickness  of,  106. 

springs  thrown  out  by  the 


107,  108. 
of,  107. 


thickness  aud  subdivision 


Garland's  paper  on  pumping-engines  a 

Birmingham,  !48,  2.">2. 
Gauging  Ibe  discharge  ot  rwers  aw 

streams,  351. 
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flanging  rivers  by  means  of  surface  velo- 
city, 354. 

— —  by  means  of  a  float,  356. 

■   of  water  passing  through  sluices 

or  orifices,  358. 

by  means  of  current  meters, 


362 


by  means  of  weirs,  367. 

 over  weirs,  coefficients  for,  370. 

— — —over  a  weir,  Beurdmore's  me- 
thod of,  373. 

 over  weirs,  importance  of  accu- 
rate, 374. 


375. 


 graduated  rule  for, 

Gaugings   of  Bngshot  waters   by  Mr 

-Rammel  and  Mr.  Quick,  71. 

 ■  by  Mr.  Bateman,  72. 

Gault,  very  important  with  reference  to 

the  Sj[uration  of  ^  chalk>  Position  of 
 clay,  76. 

 formation  described,  79. 

— —  —  thickness,  area,  and  extent  of  the, 

 at  the  Three  Counties  Asylum  well 

at  Arlesey,  thickness  of,  81. 

General  Board  of  Health,  report  of  the,  63. 

~~7~.    :  -—  as  to  cost  of 

bringing  water  from  the  Bagshot  Sand 
estimate  of  the,  6-1.  ' 

~~~r— ~ ~ — —  remarks  on  the 

project  of  the,  69. 

~  want  of  infor- 
mation as  to  the  Bagshot  scheme  of 
the,  74. 

Geological  structure  of  drainage-areas, 
Gorbals  gravitation  reservoirs,  333,  334. 
"the  3l3W°rkS'  SJ"stem  of  fixation  at 

GraT3i6UnCti0n  W°rk8'  C0St  of  PumPi"g 

b    273  Company,  water  pumped 

Gravel-beds  in  the  Permian  formation, 

Great  Oolite  of   Yorkshire  and  other 
counties,  98. 

 —  springs  caused  by  fullers' 

earth  under  the,  99. 

 and  fullers'  earth,  105. 

 thickness 


of,  105. 


•  near  Bath,  106. 


Back's (estimated  cost  of  working  West 
Middlesex  Waterworks  engines,  317, 

Hampstead  Heath,  springs  of,  18 
ttardnesa  of  waters.  60,  69. 

— —  from  Bagshot  and  the 

Bower  Greensand,  73. 

~  of  Cambridge  water,  80 

larvey  and  West's  double-beat  valves 
Sfol,  ' 

tion  and  drawings  of,  262  '|psc"P- 
larvey's  proportions  for  Cornish  engines, 


Harwell's  formula  for  calculating  power 

of  engines,  286. 
Hawkesley's  experiments   on  available 
rainfall,  331. 

 filter-beds,  350. 

Hocking's  proportions  for  Cornish  En- 
gines, 283. 

— -  estimate  of  working-expenses 

tor  Cornish  pumping-engines,  321. 
Homersham's measurements  of  waterway 
assigned  to  bridges  and  culverts  in 
chalk  and  clay  districts,  43. 
Horse-power  of  steam-engines,  table  of, 

 calculation  of,  271. 

 coefficients  of,  273. 

~~  °f  steam-engines,  table  of, 

of  g91         01  Cornish  engines,  tables 

7.    ".    ;  Dur- 
Ungton's  table,  393. 
Ho-king's  pump-vulves,  267. 

H233g°nt'  pUmps  used  at  0le  mine  of. 

TT  ,,  ,„  "rawing  of  pumps  used  at,  234. 
Hull  Waterworks,  valves  used  for  the 

pumps  at,  266. 
Hydraulia,  Matthews's,  3. 

Inferior  Oolite,  extent  of,  100. 

 building  stone  of,  100. 

— —  ;  subdivisions  of,  108. 

Infiltration,  Dalton's  experiments  oil,  14. 

 Dickinson's,  ditto,  15. 

—  ; —  Prestwich  on  rainfall  and,  17. 

Iodine  m  water  from  well  at  Wood/mil, 

Jacob's  Well  described  by  Dr.  Clarke  5 
Joseph's  Well  at  Cairo,  description  of,  5' 
Jurassic  or  Oolitic  series,  extent  and  sub- 
divisions of,  94. 

Kimmeridge  Clay  of  Buckinghamshire, 

—  011  'he  thickness  of  the, 

Lambeth  Company,  water  pumped  by, 

Lancaster,  supply  of  water  to,  130. 
Leamington,  supply  of  water  to,  130. 

303 0D  UleDu,'y  0f  Piping  Engines, 
—  experiments  at  the  United  Mines, 

Leicester,  supply  of  water  to,  130 
Leslie's  calculation  as  to  rain-water  Pro. 
lessor,  3. 

~llome0n9th6  WPly  °f  Water  t0  ancie,|t 
Lias  formation,  extent  of  the,  loo. 

•  su  divisions  of  the,  108. 

T  ....  springs  thrown  outby.  109 

Lit  mg-pumps  with  a  solid  or  plunjroi 
piston,  233.  1  miiKu] 

-— -  pump,  drawing  and  description  of, 
Liverpool  Corporation  Waterworks,  148. 


403 


INDEX. 


Liverpool,    Stephenson's    inquiry  into 
schemes  proposed  for  supply  of,  144. 

.  permeability  of   New  Bed 

Sandstone  of,  144.  _ 

mineral  composition,  of  New 


Bed  Sandstone  of,  146. 

-  Mr.  Duncan's  observations  on 


the  water  supply  to,  155. 

-  falling  off  in  the  yield  of  the 


wells  at,  155. 

 adoption  of  a  mixed  supply 

at,  155. 

 cost  of  pumping  at,  315. 

.  supply  of  water  to,  130. 

Lodges  in  the  bottom  of  wells,  101. 
Longdendale  reservoirs,  333. 
Low-pressure  condensing-engines,  2 15. 
Lower  Greensand   water,  Dr.  Angus 

Smith  on,  05. 

 .   hardness  ot,  Ob. 

 .   district  of  Hind  Head, 

Blackdown,  and  Leith  Hill,  68. 

■  sand,  volume  and  hardness 


Manchester,  collection  of  rainfall  in  the 

district  of,  132. 
 Corporation  Waterworks 

scheme,  143. 

Marten's  paper  on  pnmping-engines,  260. 

.  observations  on  stand-pipes,  302. 

Mather  and  Plait's  earth-boring  ma- 
chinery, 189. 

Matthews's  Hydraulia,  3. 

McAlpine,  engines  designed  by  Mr.,  285. 

Mecca,  well  at,  7. 

Metropolis,  quantity  of  water  daily  re- 
quired for  the,  63. 

 daily  supply  of  water  to  the, 

321. 

Metz,  aqueduct  of,  11. 
Middlewich,  supply  of  water  to.  132. 
Millstone  grit  districts  afford  good  gather- 
ing grounds,  165. 

mineral  composition  and 


of  I  he  water  from,  73. 
 .  Bateman's  opi- 
nion in  favour  of,  73. 

Greensand  or  tfeocomian  series, 


83,  84. 


description  of,  70. 

 described,  81. 

 range  and  extent,  82, 


■  Dr.  Fitton's  subdivi- 

-  supplies  water  to  Saiid- 

-  extent  and  thickness  of, 

-  overlaid  by  drift-gravel, 


sion  of,  85. 


gate,  85. 


86,  87. 


87. 


 rainfall  on  the,  88. 

 .  volume  of  water  capable 

of  being  yielded  by  the,  89. 
 Artesian  w  ells  sunk  to, 


90. 


 -in  the  neighbourhood  of 

London,  on  supplies  of  water  from,  219. 

near  London,  unsuc- 


cessful attempts  to  procure  water  by 
sinking  to  the,  219. 

at  Kentish-town,  Calais, 


and  Harwich,  absence  of,  220. 

  series  in  regular  suc- 


cession in  the  northern  and  southern 
side  of  the  London  chalk  basin,  220. 
Lynns,  aqueduct  of,  11. 

Macclesfield,  supply  of  water  to,  131. 
Miujnesian  limestone,  extent  Of,  112. 
 ,   range,  thickness, 

composition,  occurrence  in  Yorkshire, 

113 

 I>rof  essor  Sedgwick 


on  the,  1 19. 


-  of  Durham,  119. 


Manchester,  supply  of  water  to,  131. 
 supply   derived  from  the 

Millstone  Gril  of  Longdendale,  181. 
 Mr.  Bateinan  on  the  cost 

of  the  works  at,  132. 
 average  daily  supply  at,  132. 


thickness  of,  166. 

 formation  highly  favourable! 

for  drainage-areas,  167. 
Mines,  water  pumped  from  the  Cornish, 
229. 

Monkwearmouth,  great  quantity  ol  water 

in  coal-mine  at,  149. 
Moors  in  Spain,  works  of  the.  11. 
Mouton,  French  method  of  bunng  with. 

the,  188. 

Nanlwich,  supply  of  water  to  132. 
Napier's  examination  of  Bagshot  Sand.  fa/. 
 gauging  of  Bagshot  Sand  dis- 
trict, 68.  .._ 
  and  Dr.  Angus  Smith,  difference 

of  results  between,  70.  ... 
-  hardness  of  water  examined  by, 


69. 

Neville's  hydraulic  formula.  353. 

 coefficients  for  discharge  ovei 

weirs,  376. 
Newark,  supply  of  water  to,  132. 
New  Holland,  ancient  wells  of,  8. 
New  Red  Sandstone,  extent  of,  112. 

 of  Liverpool,  1  !-'• 

 permeability  of. 

-  mineral  composi- 

-  faults  of  the,  147. 

-  different  aspect  of 


114. 


lion  of,  146. 


in  cuttings,  sometimes  wet  and  some- 
times quite  dry,  148.  .  . 

 wells  and  sinking 


in  the,  226. 


 of  Liverpool,  abun- 


dance of  water  in  the,  164. 
 ^it  Wolverhampton 


224. 


 boring  by  niacin- 


nery  i",  L90. 
New  River  aqueduct.  10. 
Nimes,  aqueduct  of ,  11.  . 
Non-condensing  American  engines  -90. 
North  Allerton,  supply  ol  water  to,  loj. 
Nottingham,  rainfall  at,  i. 

 supply  Of  wnler  to,  188. 

  original  sources  ol  suppl, 

at,  133. 
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Nottingham,  contamination  of  the  waters 

of  the  Trent  at,  133. 
 sinking  in  the  New  Red 

Sandstone  at  Sion  Hill,  134. 
.  insufficiency  of  supply  in 

1369  at,  134. 
.  proposed  new  sources  by 

Mr.  Hawkesley  for,  135. 
i  opposition  of  the  Corporation 

of,  135. 

 rejection  by  Parliament  of 

Mr.  Hawkesley's  scheme  for  supplying, 
137. 

Oil  used  in  working  pumping-engines, 
319. 

Old  Red  Sandstone,  166. 

 extent  of ;  towns  si- 
tuate on,  174. 

Oolites  of  Yorkshire,  95,  96. 

  of  Midland  Couuties  and  south- 
west of  England,  97. 

 of  Lincolnshire,  Morris  on  the,106. 

Oolitic  series,  extent  and  subdivisions  of 
the,  94. 

 system,  subdivision  of  and  extent 

in  other  countries,  101. 

 thickness  of,  according  to  French 

geologists,  102,  109. 

 formation,  towns  on  the,  109. 

Ormerod  on  the  New  Red  Sandstone  of 
Cheshire  and  Lancashire,  117. 

 on  the  Permian  formation  in 

Lancashire,  119. 

Oxford  clay  in  Lincolnshire,  97. 

—  of  Huntingdon  and  Bedford- 
shire, 98. 

 thickness  of,  103. 

■  mineral  character  and  ge- 

neral description  of  the,  104. 

 of  Lincolnshire,  wells  in 

the,  105. 

Palaeozoic  rocks,  geological  changes  after 
the  deposit  of,  111. 

■  subdivisions  of  the,  165. 

Palladiason  the  works  of  ancient  Rome,  10. 

Penrith,  supply  of  water  to,  137. 

Permian  group,  composition  of  the,  110. 

 unconformability  with 

older  rocks.  111. 

—  general   phenomena  of 

water,  drift-gravel  covering,  147. 

 formation,  great  extent  of,  115. 

 estimate*  of  thick- 
ness, 116. 

■  .1)  south-west  of  Eng- 
land, 119. 

 in  Durham,  119. 

 towns  on  the,  120. 

  rocks  faulted  against  coal-mea- 
sures, 148. 

Peruvians,  works  of  the  ancient,  12. 

Peruvian  wells,  13. 

Pilot-tube  for  gauging,  363. 

Pipes,  flow  of  water  through,  380. 

 formula  to  calculate  the  velocity 

of  water  tlirougb,  381. 

Pliny  on  the  mode  of  conveying  water  to 
ancient  Rome,  10. 


Plunger-piston,  lifting  pumps  with  a.  233. 
Pole  on  the  Cornish  engine,  312. 

 on  steam  worked  expansively,  311. 

Poncelet  and  Lesbros,  experiments  on 

sluices  by,  359. 
Portland  sand  and  stone,  thickness  of, 

102. 

 water  issuing  from  the, 

103. 

Power  of  Cornish  engine  at  East  London 

Waterworks,  255. 
 of  engines,  mode  of  calculating, 

276. 

Pressure  of  steam  in  Cornish  engines, 
278. 

Preston,  supply  of  water  to,  137. 

 Works,  reservoir  of  the,  333. 

Prestwich  on  annual  rainfall  and  infiltra- 
tion, 17. 

 on  the  water-bearing  strata  of 

London,  25. 

 ■ —  explanation  of  the  phenomena 

of  intermittent  springs,  50. 

 investigation  into  the  hydro- 
graphical  conditions  of  the  water-bear- 
ing strata  around  London,  54. 

 on  the  Lower  Greensand,  87. 

 views  on  the  continuity  of 

the  Lower  Green  Sand,  modification  of 
Mr.,  90. 

Pumping  from  the  London  wells,  27. 

 station  at  Bootle,  149. 

 at  Liverpool,  cost  of,  156. 

 at  East  London  works,  157. 

 stations,  cost  of,  157. 

 at  Liverpool,  annual  ex- 
pense of,  159. 

 power  employed  by  the  London 

Water  Companies,  274. 

 engines  of  the  London  Com- 
panies, new,  275. 

 mode  of  calculating  the 

power  of,  276. 

 table  of  the  cost  of,  293. 

 on  the  cost  of,  292. 

 remarks  on  cost  of,  298. 

 of  South  Staffordshire 

Waterworks,  299. 

 beams  of,  300. 

 into  a  reservoir,  301. 

 engines,  duty  of,  303. 

 water  by  steam  power,  cost  of, 

314. 

Pumps  used  in  waterworks,  231. 

—  at  Tettenhall-well  of  the  Wolver- 
hampton Waterworks,  237. 

 drawings  and 

description  of,  238. 

 on  calculating  the  sizes  and  di- 
mensions of,  267. 

 as  calculated  by  the  American  en- 
gineers, capacity  of,  269. 

.  of  South  Staffordshire  Works,  spe- 
cification for,  397. 

Rain,  evaporation  of,  13. 
Rainfall  at  Nottingham,  4. 

 Prestwich  on  annual,  17. 

—  and  absorption  shown  by  Mr. 

Dickinson's  gauges  andobBervations,^. 
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Rainfall  on  the  Lower  Greensand,  88. 

 on  drainage  areas,  328. 

 experiments  on  available,  331. 

Rain-gauges  kept  by  Mr.  Dickinson,  28. 
Rain-water,  expenses  of  collecting,  2. 

 which  might  be  collected 

from  the  roofs  ot  houses,  Professor 
Leslie's  calculation  of,  3. 

■  collected  in  Venice.  3. 


Ramsay's,  Professor,  report  on  the  Bag- 
shot  Sand,  62. 
Reservoirs  near  Cairo,  8. 
 .  and  corresponding  drainage- 
areas,  tables  of,  330,  332. 

-  embankments  for  impounding, 


333. 


 cost  of  impounding.  336. 

 on  canals  in  France,  337. 

service  and  covered,  338. 


Rivers  and  streams,  waterworks  obtain- 
ing a  supply  from,  324. 

 volume  of,  325. 

 by  means  of  surface  velocity,  gaug- 
ing, 354.  .  « 
-  experiments  on  the  velocity  ot, 


355. 


by  means  of  a  float,  gauging,  356. 

 by  means   of    current  meters, 

gauging,  362. 

 table  of  the  characteristics  of,  377. 

Riviugton  Pike  reservoirs,  333. 

 °  works,  130,  144. 

Roman  aqueducts,  description  of,  9. 
Romans  in  Spain,  works  of  the,  11. 
Rome,  aqueducts  of  ancient,  8. 

 Professor  Leslie  on  the  supply  of 

water  to  ancient,  9. 

-  mode  of  carrying  water  to,  10. 


Roofs  of  houses,  Professor  Leslie's  calcu- 
lation as  to  rain-water  from,  3. 
Rugby,  supply  of  water  to,  138. 

__I  ,  well  and  boring  in  Lias  and 

New  Red  Sandstone  at,  227. 

Saliferous  rocks  of  Cheshire,  Worcester- 
shire, and  Staffordshire,  117. 

Samoa,  aqueduct  to  supply,  8. 

Sed^ewiok  on  the  New  Red  Sandstone, 
U7. 

  on  the  magnesian  lime- 
stone, 119.  .  „     _  , 

Seething  Wells,  works  of  the  Chelsea 
Company  at,  347. 

Segovia,  aqueduct  of,  11. 

Selby,  Bupply  »f  water  to,  138. 

Service  reservoirs,  338. 

Seville,  aqueduct  of,  It- 
alians sunk  in  New  Red  Sandstone,  116. 

Silurian  rocks  as  a  gathering  ground,  dis- 
tricts of,  165.  .  . 

 minoral  composition  and 

thickness  of,  166. 

Simpson  and  Newland's  scheme  for  sup- 
ply of  Liverpool,  144. 

 new  reservoirs  at  Putney  Heath, 

339.  .  , 

Sluices,  gauging  of  water  passing  through, 

358. 


Smith,  on  Bagshot  Sand  water,  and  Lower 
Greensand  Water,  Dr.  Angus,  65. 

 difference  of  results  arrived  at 

by  Mr.  Napier  and  Dr.  Angus,  70. 

South  Staffordshire  Waterworks,  pump- 
ing engines  of,  299. 

 1  works,  324. 

 works,  specifica- 
tions of  engines,  boilers,  and  pumps, 
397. 

Southwark  and  Vauxhall  Company,  water 
pumped  by,  273. 

 Waterwo  rks, 

cost  of  pumping  at  the,  315. 
Spain,  works  of  the  Moors  and  the  Ro- 
mans in,  11. 
Springs,  origin  and  nature  of,  13. 

,  diagrams  illustrating  the  causes 

which  give  rise  to,  17. 

 of  Hampstead  Heath,  18. 

-  Dr.  Buckland's  diagram  show- 


experiments  on  the  passage  of 


water  through,  360, 


ing  origin  of,  18. 

caused  by  contact  of  permeable 


and  impermeable  strata,  19. 

 caused  by  faults,  19,  22,  23. 

-  of  chalk  districts,  24 


 in  the  Tring  cutting  of  London 

and  North  Western  Railway,  32. 

 near-  the  head  of  chalk  valleys, 

42. 

 at  Cow  Roost  on  the  London  and 

North  Western  Railway,  yield  of,  42. 
on  the  long  slope  of  the  chalk, 


47. 


 .  of  Croydon  and  Carshalton,  48. 

 of  Guines  and  St.  Omer  in  the 

Pas  de  Calais,  48. 

 on  the  long  slope  of  the  chalk, 

numerous  towns  in  England  having, 
48. 

 at  Lydden  Spout,  Chenton,  etc., 

49.  ,  , 
 diagram  illustrating  the  pheno- 
mena of  intermittent,  51. 

from  the  sand  of  Hampstead 


Heath,  61. 

 of  the  Upper  Greensand,  (8. 

 at  Cambridge,  79,  SO. 

 of  Lower  Greensand,  91. 

■  caused  by  fullers'  earth  under- 


lying the  Great  Oolite,  99. 

 of  Uie  Kimmendge  clay,  102. 

thrown  out  by  the  fullers'  earth, 


107. 


.  by  the  lias,  109. 


 of  Middlewicll,  Urine,  118. 

.  of  Ingestrie,  Staffordshire, Brine, 

118. 

.  in  the  New  Red  Sandstone,  me- 

dicinal,  118. 
  in   the   Trias   and  Permian 

croups,  147- 
 in  carboniferous  limestone  dis- 


tricts, 168. 
 iu  limestone  extremely  copious, 

169. 

.  in  carboniferous  limestone,  ce- 
lebrated, 170. 
 tables  of  chalk-wells  and  springs, 

396. 

Stand-pipes  of  waterworks,  302. 
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Steam-engines,  table  of  horse-power  of, 

3S9. 

Steam  worked  expansively,  284. 
Steam-pipes  of  Cornish  engines,  260. 
Stephenson,  agreement  of  Dickinson's 

gauges  with  the  data  assumed  by  Mr., 

23. 

 description  of  the  valley  of 

the  Colne,  31. 
 -on  Watford  spring -water 

supply,  16. 
  report  to  Corporation  of 

Liverpool,  143. 
 on  the  permeability  of  New 

Red  Sandstone,  145. 
St.  Helen's,  Lancashire,  supply  of  water, 

133. 

Stirrat's  experiments  on  available  rainfall, 
331. 

Stockton-on-Tees,  supply  of  water,  138. 

Stourbridge,  supply  of  water  to,  138. 

Streams  of  the  Chiltem  Hills,  29. 

 abundant  in  the  chalk  of  Hert- 
fordshire, 41. 

 flowing  through  chalk  districts, 

direction  of,  42. 

 in  chulk  and  clay  districts  com- 
pared, 43. 

 of  the  Ravensbourne  and  (he 

Lavant,  50. 

.  and  rivers  flow  off  the  chalk 

district,  direction  in  which,  51. 

 in  carboniferous  limestone  dis- 
tricts, 51. 

Sunderland,  supply  of  water  to,  133. 

 water  procured  from  deep 

wells  in  the  Lower  New  Red  Sandstone 
at,  138. 

 capacity  of  the  Humbtedon 

Hill,  Cleadon  Hill,  and  Ryhope  reser- 
voirs at,  139. 

 average  daily  supply  at,  139. 

.  description    of  pumpmg- 

engines  at,  139. 

 cost  of  works  at,  139. 

Swallet-holes  in  the  coral  rag,  104. 

 in  the  Cornbrash,  107. 

 in  Gower  and  the  Meudips, 

169. 

Tallow  used  in  working  steam-engines, 
319. 

Taylor,  on  the  duty  of  pumping  engines, 
304. 

Telford's  gauging  of  theVerulam  and  the 

Wandle,  45. 
Temperature  of  thermal  springs  in  Bath, 

109. 

 of  wells,  190. 

Tertiaries,  beds  above  the,  75. 

Tertiary  strata,  faults  in,  36. 

 diagrams  showing  the  in- 
fluence of  faults  in,  39. 

 around  London,  descrip- 
tion of  the,  54. 

 in  the  valleys  of  rivers, 

denudation  of,  58. 

 area  into  four  distinct  parts,  di- 
vision of  the,  55. 

 district,  table  showing  area, 


length  of  outcrop,  and  thickness  of  bed 
composing  the,  55. 

Tertiary,  conditions  affecting  the  percola- 
tion of  water  in  the,  56. 

,  sands  about  Peckham,  Green- 
wich, and  Woolwich,  57. 

 in  the  neighbourhood  of 

London,  58. 

 water  yielded  by  wells  in 

the,  59. 

Thebes,  artesian  wells  in  the  oasis  oi,  7. 
Tranmere,  supply  of  water  to,  140. 
Trias  and  Permian  groups,  110. 

 formation,  extent  of  the,  113. 

 subdivisions  of  the,  114. 

 in  Europe  and  America, 

great  extent  of,  115. 

 shafts  sunk  in  the,  116. 

 estimates  of  thickness 

of,  116. 

 towns  on  the,  120. 

 general  conclusions  as 

to  water  in  the,  147. 
 water  in  the  drift-gravel 

covering  the,  147. 
Tube-well  at  Eddlesborough,  description 

of  a,  221. 

Upper  Greensand  or  Firestone,  descrip- 
tion of,  76. 
Upper  Greensand  springs  and  wells,  78. 

Valves  and  seats  of  pumps,  237. 

 of  Cornish  engines,  260. 

 used  in  pumps,  261. 

 Harvey  and  West's,  262. 

 of  pumps  at  the  Birmingham  Wa- 
terworks, 265. 

Velocity  of  piston  in  Cornish  engines,  278. 

Venice,  rain-water  collected  in,  3. 

Verulam,  watershed  of  the,  16. 

Vetch,  gauging  of  chalk-streams  by  Cap- 
tain, 45. 

Vitruvius,  on  the  mode  of  conveying 
water  to  ancient  Rome,  10. 

Wallasey,  supply  of  water  to,  140. 
Warwick,  supply  of  water  to,  140. 
Watershed  of  the  Colne  and  other  rivers, 
16. 

 of  drainage-areas,  328. 

Watford  spring- water  supply,  16. 

 district,  Telford  on  the  drainage- 
area  of  the,  16. 

Ways's  (Professor)  analysis  of  water  near 
Farnham,  66. 

Weald  clay,  undulating  stratification  of, 
89. 

 of  Kent  and  Sussex,  92. 

 subdivision    of,  drainage, 

principal  rivers,  etc.,  93. 

 district,  fractures  and  axes 

of  elevation  in,  94. 

Weirs,  gauging  by  means  of,  367. 

 table  showing  results  of  Mr.  Black- 
well's  experiments  on,  369. 

 coefficients  for  gauging  over,  370. 

 experiments    by  Du  Buat  and 

others  on,  372. 

 coefficient  for  discharge  over,  375. 
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Weirs,  importance  of  accurate  gauging 
over,  37-4. 

  graduated  rule  for  gauging  over, 

374. 

Wellington,  supply  of  water  to,  140. 
Well  described  by  Dr.  Clarke,  5. 
 at  Mecca,  7. 

 at  Grenelle,  its  cost,  yield,  and  tem- 
perature, 186. 

 at  Messrs.  Meux's  brewery,  191. 

 at  Messrs.  Courage  and  Donaldson's, 

the  Anchor  brewery,  Horsleydown, 
195. 

 at  Bow  brewery,  196. 

 at  Messrs.  Webb's  mineral  water- 
works, Islington  Green,  197. 

 at  Trafalgar  Square,  198. 

 at  the  Bank  of  England,  199. 

 at  the  Royal  Horticultural  Gardens, 

South  Kensington,  199. 

 at  Guy's  Hospital,  200. 

.  at  Messrs.  Wliitbread's  brewery  in 

Chiswell  Street,  near  Finsbury  Square, 
201. 

 at  the  Lion  brewery,  Belvedere  Boad, 

Lambeth,  203. 
 at  Messrs.  Reid's,  Liquorpond  Street, 

205. 

 at  Kensington  Gardens,  205. 

 at  Amwell  Hill,  near  the  source  of 

the  New  River  in  Hertfordshire,  206. 
.  at  the  New  River  Company  at  Ches- 

hunt,  207. 

.  at  Cheshunt,  Sir  Henry  Meux's, 

207. 

 at  Crossness,  203. 

 at  the  Crystal  Palace,  210. 

 at  O'ldbath  Fields,  211. 

 at  Walker's  brewery,  Limehouse, 

211. 

 at  the  North  Surrey  Schools,  Anerley, 

.  at  the   Lunatic  Asylum,  Colney 

Hatch,  212.      _  ,  , 

,  at  the  Victoria  terminus  of  the 

London  Brighton  and  South  Coast  Rail- 
way, 212. 

 at  Old  Maiden,  213. 

 at  Messrs.  Waltham  Brothers' brew- 
ery, Stoekwell,  213. 

 at  Greenwich  Hospital,^214. 

 at  Watford,  chalk,  214. 

 sunk  by  Mr.  Paten,  recent,  215. 

 at  Harrow,  215. 

 Edgeware  public,  216. 

 at   the   London    Orphan  Asylum, 

Watford,  217. 

 at  Alperton,  near  Ealing,  217. 

 at  Berkhampstoad  for  supply  of  the 

town,  218. 

  at,  the  Three  Counties  Asylum, 

Arlesey,  221. 
 and  boring  at  Rugby,  in  Luis  and 

New  Keil  .Sandstone,  227. 
,  n!  Ttettenhall,  near  Wolverhampton, 

description  of,  240. 
Weils,  supply  of  water  to,  uo. 
 ancient  mode  of  procuring  water 

from,  4. 

 Ewbank's description  of  anc.enl,  4. 


Wells,  by  means  of  a  curb,  origin  of 
sinking,  5. 

 Peruvian,  13. 

 of  London,  shallow  surface,  18. 

 diagram  illustrating  the  rise  of 

water  in.  20. 

 description  of  artesian,  20. 

 pumping  from  the  London,  27. 

 between  Watford  and  London, 

water-level  in,  27. 

 variations  of  water-level  in  the 

London,  29. 

permanent  depression  of  water- 


level  in,  30,  31. 

 Davidson,  on  the  London,  31. 

 of  the  London  breweries,  34. 

 at  Hampstead  Road,  34. 

 affected  by  faults  in  the  Tertiary 

Stiata,  39. 

 in  Essex  and  the  east  side  of  Lon- 
don, 39. 

sunk  through  London  Clay,  rise  of 


water  in,  56. 

-  of  London  and  the  Tertiary  Sands, 


59. 


in  Drift-gravel,  covering  the  Lon- 
don clay,  60. 
 in  ditto,  in  various  parts  of  Eng- 
land, 60. 

 and  borings  in  the  Gault,  79. 

 in  Oxford  Clay  containing  iodine 

and  bromine,  105 

 in  the  New  Red  Sandstone,  117. 

 supply  of  water  to,  142. 

 height  of  water  in  ;  influence  of 

faults  on,  147. 

 in  Liverpool,  yield  of,  148. 

 at  Tettenhall,  near  Wolverhamp- 
ton, 148. 

 of  the  metropolis,  172. 

 of  various  kinds,  173. 

 of  Liverpool,  water  yielded  by, 

149. 

 situation  of  the,  1 5 

 and  borings  for  procuring  sup]  lies 

of  water,  171. 
 sunk  in  diluvial  sand  or  gravel] 

 at  Liverpool,  public,  151,  152. 

 increase  of  yield  in 

certain,  152.  153. 


151. 


tables  of  yield  of, 

sinking,  on  the  cost  of.  178. 

 m  New  Red  Sandstone  of  B.r- 

mingham  and  Wolverhampton.  223. 
■  and  sinkings  in  the  New   Re  1 


Sandstone,  224. 
 at  Wolverhampton,  in  the  New 

I      Sandstone,  226. 
 and  well-sinking,  cone  theory  of, 

160,  161. 

 lodges  or  lodgments  at  the  bottom 

of  well9,  161. 
 fluctuations  of  water  in  Liverpool, 

 diminution  in  the  yield  of  Liver- 

pool,  163. 

 in  various  kinds  of  strata,  Con- 
struction of,  175. 
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Wells,  with  brickwork,  mode  of  steining, 
175. 

 through  quicksands,  mode  of  sink- 
ing, 176 

 in  Liverpool,  Trafalgar  Square, 

and  Camden  Town,  construction  of, 
177,  178.  ' 

 at  Tettenhall  and  Goldthom,  con- 
struction of,  224,  225. 

 in  beds  of  the  Permian  series  ; 

wells  in  chalk,  225. 

■  at  Reid's  brewery,  construction  of, 

179.  ' 

 at  Pentonville  and  other  places ; 

cost  of  wells,  etc.,  181. 

 and  borings,  on  the  cost  of  various, 

182. 

 temperature  of,  190. 

 in  and  around  London,  description 

of  some  remarkable.  191. 

 of  the  Kent  Waterworks  Company. 

211.  1  " 

 mentioned  by  Mr.  Benrdmore,  ad- 
ditional, 215. 

 sunk  at  Dancers  End,  near  Tring, 

for  the  Chiltern  Hills  Water  Company 
to  supply  the  towns  of  Aylesbury  and 
Tring.  213. 

 in  and  around  London,  conclusions 

as  to,  219. 

 in  Red  Sandstone  rock  at  Birken- 
head, 228. 
 and  springs,  table  of  chalk,  396. 


West  Middlesex  Works,  cost  of  pumping 

at  the,  317. 
West's  proportions  for  Cornish  engines, 

283. 

Wicksteed,  on  the  cost  of  pumping,  157. 

 at  Wolverhampton,  pump- 
work  erected  by  Mr.,  237. 

 on  the  Cornish  and  Boulton 

and  Watt  engines,  215. 

 experiments  on  the  Cornish 

pumping  engine,  257. 

Wolverhampton,  supp'y  of  water  to,  140. 

 original  supplies  pro- 
cured from  wells  sunk  in  Drift  Gravel 
and  New  Red  Sandstone  at,  140. 

■  erection  of  a  pumping 

establislmient  on  the  river  Worf,  near. 
141. 

 purchase  of  the  water- 
works by  the  Corporation  of,  1  11. 

 supply,    extension  to 

Bilston,  Willenhall,  and  Wednesfield, 
141. 

 average    daily  supply 

and  quality  of  water  at,  141. 
 waterworks,    cost  of 

pumping  at,  315. 
Worcester,  supply  of  water  to,  Ml. 

 cost  of  waterworks  at,  142. 

 description  and  extension  of 

supply  at,  142. 

York,  supply  of  water  to,  142. 
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Httmbers  Work  on  Water- Supply. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  William  Humber,  A.-M.  Inst. 
C.E.,  and  M.  Inst.  M.E.  Illustrated  with  50  Double  Plates, 
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and  substantially  half-bound  in  morocco. 

List  0/  Contents  : — 


I.  Historical  Sketch  of  some  of  the 
means  that  have  been  adopted  for  the 
Supply  of  Water  to  Cities  and  Towns. — 
II.  Waterandthe  Foreign  Matter  usually 
associated  with  it. — III.  Rainfall  and 
Evaporation. — IV.  Springs  and  the  water- 
bearing formations  of  various  districts. — 
V.  Measurement  and  Estimation  of  the 
Flow  of  Water. — VI.  On  the  Selection  of 
the  Source  of  Supply. — VII.  Wells. — 
VIII.  Reservoirs. — IX.  The  Purification 
of  Water. — X.    Pumps. — XI.  Pumping 


Machinery.— XII.  Conduits.— XIII.  Dis- 
tribution of  Water. — XIV.  Meters,  Ser- 
vice Pipes,  and  House  Fittings. — XV.  The 
Law  and  Economy  of  Water  Works. — 
XVI.  Constant  and  Intermittent  Supply. 
— XVII.  Description  of  Plates. — Appen- 
dices, giving  Tables  of  Rates  of  Supply, 
Velocities,  &c.  &c. ,  together  with  Specifi- 
cations of  several  Works  illustrated,  among 
which  will  be  found  : — Aberdeen,  Bideford, 
Canterbury,  Dundee,  Halifax,  Lambeth, 
Rotherham,  Dublin,  and  others. 


"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in 
English,  or  in  any  other  language  ....  Mr.  Humber's  work  is  characterised  almost 
throughout  by  an  exhaustiveness  much  more  distinctive  of  French  and  German  than 
of  English  technical  treatises." — Engineer. 

Humber's  Work  on  Bridge  Construction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  By  William  Humber,  A. -M.  Inst.  C.E.,  and  M.  Inst. 
M.E.  Third  Edition,  with  1 15  Double  Plates.  In  2  vols.  imp.  4to, 
61.  \6s.  6d,  half- bound  in  morocco. 

"  A  book — and  particularly  a  large  and  costly  treatise  liKe  Mr.  Humber's — which 
has  reached  its  third  edition  may  certainly  be  said  to  have  established  its  own 
reputation." — Engineering. 
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Numbers  Modern  Engineering. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING.  First  Series.  Comprising  Civil,  Mechanical,  Marine,  Hy- 
draulic, Railway,  Bridge,  and  other  Engineering  Works,  &c.  By 
William  Humber,  A.-M.  Inst.  C.E.,  &c  Imp.  4to  with 
36  Double  Plates,  drawn  to  a  large  scale,  and  Portrait  of  John 
Hawkshaw,  C.E.,  F.R.S.,  &C,  and  descriptive  Letter-press,  Speci- 
fications, &c.    3/.  3-r.  half  morocco. 

List  of  the  Plates  and  Diagrams 


plates)  ;  Bridge  over  the  Thames,  Vs  est 
London  Extension  Railway  (5  plates)  ;  Ar- 
mour Plates  ;  Suspension  Bridge,  1  names 
(4  plates) :  The  Allen  Engine  ;  Suspension 
Bridge,  Avon  (3  plates) ;  Underground 
Railway  (3  plates).  . 
It  will  find  favour  with  many  who  desire 


Victoria  Station  and  Roof,  L.  B.  &  S 
C.  R.  (8 plates);  Southport  Pier  (2  plates); 
Victoria  Station  and  Roof,  L.  C.  &  D.  and 
G.  W.  R.  (6  plates) ;  Roof  of  Cremorne 
Music  Hall ;  Bridge  over  G.  N.  Railway  ; 
Roof  of  Station,  Dutch  Rhenish  Rail  (2 

guidance  of  the  contractors  for  many  important  engmeering  works.  , 

HUMBER'S  RECORD  OF  MODERN  ENGINEERING  Second 
Series.  Imp.  4to,  with  36  Double  Plates,  Portrait  of  Robert  Ste- 
phenson, C.E.,  &c,  and  descriptive  Letterpress,  Specifications, 

&c.    3/.  3-f.  half  morocco. 

List  of  the  Plates  and  Diagrams. 


Birkenhead  Docks,  Low  Water  Basin 
(15  plates);  Charing  Cross  Station  Roof, 
C.  C.  Railway  (3  plates)  ;  Digswell  Via- 
duct, G.  N.  Railway  ;  Robbery  Wood 
Viaduct,  G.  N.  Railway  ;  Iron  Permanent 
Way  ■   Clydach  Viaduct,  Merthyr,  Tie- 

^ifflER^S^O^^KDERN  ENGINEERING. 


Viaduct.  Merthyr,  Tredegar,  and  Aberga- 
venny Railway  ;  College  Wood  Viaduct, 
Cornwall  Railway;  Dublin  Winter  Palace 
Roof  (3  plates)  ;  Bridge  over  the  Thames, 
L.  C.  and  D.  Railway  (6  plates) ;  Albert 
Harbour,  Greenock  (4  plates). 


Third 


Series.  Imp.  4to,  with  40  Double  Plates,  Portrait  of  J.  R.  M 'Clean, 
Esq.,  late  Pres.  Inst.  C.E.,  and  descriptive  Letterpress,  Specifica- 
tions, fee.    3/.  3-f.  half  morocco. 

List  of  the  Plates  and  Diagrams, 


Main  Dkainagk,  Metropolis.— 
,<o,ih  Side.  —  Map  showing  Interception 
of  Sewers  ;  Middle  Level  Sewer  (2  plates'; 
Outfall  Sewer,  Bridge  over  River  Lea  (3 
plates);  Outfall  Sewer.  Bridge  over  Marsh 
Lane,  North  Woolwich  Railway,  and  Bow 
and  il. uking  Railway  Junction;  Outfall 
Sewer,  Bridge  over  Bow  and  Barking 
Railway  (3  plates);  Outfall  Sewer,  Bridge 
over  Last  London  Waterworks'  Feeder 
(2  plates);  Outfall  Sewer,  Reservoir  (a 
plates);  Outfall  Sewer,  Tumbling  Bay 
anil  Outlet;  Outfall  Sewer,  Penstocks. 
.South  Side.    Outfall  Sewer,  Bermondsey 


Branch  (2  plates);  Outfall  Sewer,  Reser- 
voir and  Outlet  (4  plates)  ;  Outfall  Sewer, 
[filth  Moist;  Sections  of  Sewers  (North 
and  South  Suits). 

Thames  Embankment.— Section  ol 
River  Wall  ;  Steamboat  Pier,  Westminster 
(2  plates)  ;  Landing  Stairs  between  Cha- 
ring Cross  and  Waterloo  Bridges  ;  York 
Gate  (2  plates)  ;  Overflow  and  Outlet  at 
Savoy  Slreet  Sewer  (3  plates)  :  Steamboat 
Pier,  Waterloo  Bridge  (3  plates);  Junc- 
tion of  Sewers,  Plans  and  Sections;  Cullies, 
Plans  and  Sections  ;  Rolling  Stock  ;  Gra- 
nite and  Iron  forts. 


HUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Fourth 
Scries.  Imp.  4to,  with  36  Double  Plates,  Portrait  of  John  I-  owler, 
Esq.,  late  Pres.  Inst.  C.E.,  and  descriptive  Letterpress,  Specifica- 
tions, &c 


3/.  %s.  half  morocco 

List  of  the  Plates  and  Diagrams 


Abbey  Mills  Pumping  Station,  Main 
Drainage,  Metropolis  (4  plates);  Barrow 
Docks  (5  plates)  ;  ManquiS  Viaduct,  San- 
tiago and  Valparaiso  Railway  (2  plates) ; 
Adam's  Locomotive,  St.  Helen's  t  anal 
Kailway  (2  plates)  ;  Cannon  Street  Station 
Roof,  Charing  Cross  Kailway  (3  plates)  : 
U .  ..i.l  Bridge  over  the  Kivi  r  Moka  (a 
plates)'.  Telegraphic  Apparatus  forMcso- 


j  Viaduct  over  the  River  W  ye, 
Midland  Kailway  (3  plates):  St.  German  s 
Viaduct,  Cornwall  Railway  (2  plates  : 
Wrought-Iron  Cylinder  for  Diving  Hell  ; 
Millwall  Docks (6 plates):  Milroys  Patent 
Excavator,  Metropolitan  District  Railway 
(6  plates);  Harbours,  Ports,  and  Break- 
waters (3  plates). 


PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO. 


Strains,  Formula  &  Diagrams for  Calculation  of. 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in  GIRDERS  and  SIMILAR  STRUCTURES,  and  their 
STRENGTH  ;  consisting  of  P'ormulaeand  Corresponding  Diagrams, 
with  numerous  Details  for  Practical  Application,  &c.  By  William 
Humber,  A.-M.  Inst.  C.E.,  &c.  Third  Edition.  With  nearly 
ioo  Woodcuts  and  3  Plates,  Crown  8vo,  p.  6d.  cloth. 
"The  system  of  employing  diagrams  as  a  substitute  for  complex  computations 

is  one  justly  coming  into  great  favour,  and  in  that  respect  Mr.  Humber's  volume  is 

fully  up  to  the  times." — Engineering. 

Strains. 

THE   STRAINS   ON   STRUCTURES  OF  IRONWORK; 
with  Practical  Remarks  on  Iron  Construction.  ByF.  W.  Sheiids' 
M.  Inst.  C.E.  Second  Edition,  with  5  Plates.  Royal  8vo,  5-r.  cloth! 
"The  student  cannot  find  abetter  book  on  this  subject  thanMr.  Sheiids'."— Engineer, 

Barlow  on  the  Strength  of  Materials,  enlarged. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  application  in  Architecture,  the  Construction  of 
Suspension  Bridges,  Railways,  &c.  ;  and  an  Appendix  on  the 
Power  of  Locomotive  Engines,  and  the  effect  of  Inclined  Planes 
and  Gradients.  By  Peter  Barlow,  F.R.S.  A  New  Edition, 
revised  by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow, 
F.R.S.  Edited  by  W.  PIumber,  A-M.  Inst.  C.E.  8vo,  \%s.  cloth. 

"The  standard  treatise  upon  this  particular  subject." — Engineer. 

Strength  of  Cast  Iron,  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  T.  Tredcold,  C.E.  5th  Edition. 
To  which  are  added,  Experimental  Researches  on  the  Strength,  &c., 
of  Cast  Iron,  by  E.  Hodgkinson,  F.R.S.    8vo,  12s.  cloth. 

%*  Hodgkinson's  Researches,  separate,  price  6s. 

Hydraulics. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULAE 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  With  New  FormulEe,  Tables,  and  General 
Information  on  Rain-fall,  Catchment-Basins,  Drainage,  Sewerage, 
Water  Supply  for  Towns  and  Mill  Power.  By  John  Neville' 
Civil  Engineer,  M.R.I. A.  Third  Edition,  carefully  revised,  with 
considerable  Additions.  Numerous  Illustrations.  Cr.  Svo,  14.?.  cloth. 

"Undoubtedly  an  exceedingly  useful  and  elaborate  compilation." — Iron. 

"  Alike  valuable  to  students  and  engineers  in  practice." — Mining  Join  nal. 

River  £ugiuecriii<?. 

RIVER  BARS  :  Not  es  on  the  Causes  of  their  Formation,  and  on 
their  Treatment  by  '  Induced  Tidal  Scour,'  with  a  Description  ol 
the  Successful  Reduction  by  this  Method  of  rhc  Bar  at  Dublin.  By 
I.  J.  Mann.  Assistant  Engineer  to  the  Dublin  Port  and  Docks 
Board.  With  Illustrations.  Royal  Svo.  7.1'.  61I.  cloth. 

Hydraulics. 

HYDRAULIC  MANUAL.  Consisting  of  Working  Tables  and 
Explanatory  Text.  Intended  as  a  Guide  in  Hydraulic  Calculation* 
and  Field  Operations.  By  Lowis  D'A.  [ackson.  Fourth 
Edition,   Rewritten  and  Enlarged.   Large  Crown  8 vo.,  i<W.  cloth. 

\Jitst  published. 
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Levelling. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING  ;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roads  ;  with  Mr. 
Telford's  Rules  for  the  same.  By  Frederick  W.  Simms, 
F  G  S  M  Inst.  C.E.  Sixth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  Law's  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  Trautwine's  Field  Practice  of  Laying 
out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts.  8vo, 
8s  6d  cloth  V  Trautwine  on  Curves,  separate,  $/• 

"The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges.'- 
Engineer. 

Practical  Tunnelling.  . 

PRACTICAL  TUNNELLING:  Explaining  in  detail  the  Setting 
out  of  the  Works,  Shaft-sinking  and  Heading-Driving  Ranging 
the  Lines  and  Levelling  under  Ground,  Sub-Excavating,  I  imbenng, 
and  the  Construction  of  the  Brickwork  of  Tunnels  with  the  amount 
of  labour  required  for,  and  the  Cost  of,  the  various  portions  of  the 
work  By  F.  W.  Simms,  M.  Inst.  C.E.  Ihird  Edition,  Revised 
and  Extended.  By  D.  Kinnear  Clark,  M.I. C.E.  Imp.  8yo, 
with  21  Folding  Plates  and  numerous  Wood  Engravings,  30s  cloth 
"  It  has  been  regarded  from  the  first  as  a  text-book  of  the  subject.  .  .  .  Mr.  Clark 
has  added  immensely  to  the  value  of  the  book."— Engineer. 

Steam.  ,         .  _  . 

STEAM  AND  THE  STEAM  ENGINE,  Stationary  and  Port- 
able Being  an  Extension  of  Sewell's  Treatise  on  Steam.  By  D. 
Kinnear  Clark,  M.I.C.E.    Second  Edition.    121110,  4*.  cloth. 

Civil  and  Hydraulic  Engineering. 

CIVIL  ENGINEERING.  By  Henry  Law,  M.  Inst.  C.E. 
Including  a  Treatise  on  Hydraulic  Engineering  by  George  K. 
Burnell  M.I.C.E.  Sixth  Edition,  Revised,  with  large  additions 
on  Recent  Practice  in  Civil  Engineering,  by  D.  Kin  near  Clark, 
M.  Inst.  C.E.    121110,  1$.  6cf.,  cloth  boards. 

Gas-Lighting. 

COMMON  SENSE  FOR  GAS-USERS:  a  Catechism  of  Gas- 
Lighting  for  Householders,  Gasfitters,  Millowners,  Architects, 
Engineers,  &c.  By  R.  WILSON,  C.E.  2nd  Edition    Cr.  8vo,  2,.  GJ. 

Bridge  Construction  in  Masonry,  f  under,  &  Iron. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION IN  MASONRY,  TIMBER,  AND  IRON;  consisting  of 
A6  Plates  from  the  Contract  Drawings  or  Admeasurement  of  select 
Works  By  W.  Davis  Hankoi.l,  C.E.  Second  Edition  with 
the  addition  of  5S4  Estimates,  and  the  Practice  of  Selling  out  W  orks, 
with  6  panes  of  Diagrams.     Imp.  4I0,  2/.  12s.  6,/.  half-morocco. 

"A V.  V  of 'the  present  nature  by  a  man  of  Mr.  Hasko  l's  experience,  must  prove 
InvaLble     The  tables  of  estimates  considerably  enhance  its  value.'  -hnpnca  v.g. 

Earthwork.  .  . 

EARTHWI  IRK  TABLES,  showing  the  Contents  111  Cubic  \  aids 
of  Embankments,  Cuttings,  &c,  ol  Heights  or  Depths  up  to  an 
average  of  So  feet.  By  Joseph  Broadbknt,  C.E.,  and  FRANCIS 
C»Mi'IN,  C.E.    Cr.  8vo,  oblong,  5*  cloth. 
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Tramways  and  their  Working. 

TRAMWAYS  :  their  CONSTRUCTION  and  WORKING. 
With  Special  Reference  to  the  Tramways  of  the  United  Kingdom. 
By  D.  Kinnear  Clark,  M.I.C.E.  Supplementary  Volume; 
recording  the  Progress  recently  made  in  the  Design  and  Construc- 
tion of  Tramways,  and  in  the  Means  of  Locomotion  by  Mechanical 
Power.    With  Wood  Engravings.     Svo,  \2s.  cloth. 

Tramways  and  their  Working. 

TRAMWAYS  :  their  CONSTRUCTION  and  WORKING. 
By  D.  Kinnear  Clark,  M.  Inst.  C.  E.  With  Wood  En- 
gravings, and  thirteen  folding  Plates.  The  Complete  Work,  in 
2  vols.,  Large  Crown  Svo,  30^.  cloth. 
"  All  interested  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned 
to  the  author's  work  '  Railway  Machinery.1" — The  Engineer. 

Pioneer  Engineering. 

PIONEER  ENGINEERING.  A  Treatise  on  the  Engineering 
Operations  connected  with  the  Settlement  of  Waste  Lands  in  New 
Countries.  By  Edward  Dobson,  A.  I.C.E.  With  Plates  and 
Wood  Engravings.  Revised  Edition.  i2mo,  5-f.  cloth. 
"  A  workmanlike  production,  and  one  without  possession  of  which  no  man  should 
start  to  encounter  the  duties  of  a  pioneer  engineer." — Athcncrum. 

Steam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  By  T.  M. 
Goodeve,  M. A.,  Barrister-at-Law,  Author  of  "The  Principles 
of  Mechanics,"  "The  Elements  of  Mechanism,"  &c.  Fourth 
Edition.  With  numerous  Illustrations.  Crown  Svo,  6.r.  cloth. 
"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  pos- 
sess himself." — Mining  Journal. 

Steam. 

THE  SAFE  USE  OF  STEAM  :  containing  Rules  for  Unpro- 
fessional Steam  Users.  By  an  Engineer.  4th  Edition.  Sewed,  6d. 

11  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would 
become  sensations  by  their  rarity." — English  Mechanic. 

Mechanical  Engineering. 

DETAILS  OF  MACHINERY:  Comprising  Instructions  for  the 
Execution  of  various  Works  in  Iron,  in  the  Fitting-Shop,  Foundry, 
and  Boiler- Yard.  Arranged  expressly  for  (he  use  of  Draughts- 
men, Students,  and  Foremen  Engineers.  By  Francis  Cam  tin, 
C.E.    I21HO.  3j.  6d.  cloth.  [Just published. 

M cchanical  Engineering. 

MECHANICAL  ENGINEERING  :  Comprising  Metallurgy, 
Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Manu- 
facture of  the  Steam  Engine,  &c.  By  F.  Cam  pin,  C.E.  3^.  cloth. 

Works  of  Construction. 

MATERIALS  AND  CONSTRUCTION:  a  Theoretical  and 
Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of 
Works  of  Construction.  By  F.  Campin,C.E.  121110.  is.  6d.  cl.  brds. 

Iron  Bridges,  Girders,  Roofs,  &c. 

A  TREATISE  ON  THE  APPLICATION  OF  IRON 
TO  THE  CONSTRUCTION  OF  BRIDGES,  GIRDERS, 
ROOFS,  AND  OTHER  WORKS.  By  F.  Cam  pin,  C.E.  izmo,  3s. 


6       WORKS  IN  ENGINEERING,  SURVEYING,  ETC., 


Boiler  Construction. 

THE  MECHANICAL  ENGINEER'S  OFFICE  BOOK: 
Boiler  Construction.  By  Nelson  Foley,  Cardiff,  late  Assistant 
Manager  Palmer's  Engine  Works,  Jarrow.  With  29  full-page 
Lithographic  Diagrams.    Folio  2  is.  half-bound. 

Obliaue  y4  relies . 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  John  Hart.  3rd  Ed.  Imp.  8vo,  8s.  cloth. 

Oblique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  Plates.  By  the  late  Geo.  Watson 
Buck.M.I.CE.  Third  Edition,  revised  by  his  Son,  J.  H.WATSON 
Buck,  M.I.C.E.  ;  and  with  the  addition  of  Description  to  Dia- 
grams for  Facilitating  the  Construction  of  Oblique  Bridges,  by 
W.  H.  Barlow,  M.I.C.E.  Royal  8vo,  11s.  cloth. 

"  The  standard  text  book  for  all  engineers  regarding  skew  arches."— Engineer. 

Gas  and  Gasivorks. 

THE  CONSTRUCTION  OF  GASWORKS  AND  THE 
MANUFACTURE  AND  DISTRIBUTION  OF  COAL-GAS. 
Originally  written  by  S.  Hughes,  C.E.  Sixth  Edition.  Re-written 
and  enlarged,  by  W.  Richards,  C.E.    121110,  5*.  cloth. 

Waterworks  for  Cities  and  Towns. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
with  a  Description  of  the  Principal  Geological  Formations  of  Eng- 
land as  influencing  Supplies  of  Water.  By  S.  Hughes.  4s.  6d.  cloth . 

Locomotive-Engine  Driving . 

LOCOMOTIVE-ENGINE  DRIVING  ;  a  Practical  Manual  for 
Engineers  in  charge  of  Locomotive  Engines.  By  Michael 
Reynolds,  M.S. E.  Fifth  Edition.  Comprising  A  KEv  10  T  II L 
LOCOMOTIVE  ENGINE.  With  Illustrations.  Cr.8vo,  i,s.6d.  cl. 
"  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  well."— Engineer. 

The  Enoiuccr,  Fireman,  and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN. 
AND  ENGINE-BOY.    By  M.  Reynolds.    Crown  Svo,  4s.  6d. 

Stationary  Engine  Driving. 

STATIONARY^ "ENGINE  DRIVING.  A  Practical  Manual  lor 
Engineers  in  Charge  of  Stationary  Engines.  By  MiC'IAKL  Rev- 
NOI  DS.  Second  Edition,  Revised  and  Enlarged.  \\  ilh  1  lata  and 
Woodcuts.    Crown  8vo,  ^-  (>'1-  doth.  [Just  published. 

Engine-Driving  L  ijc. 

'ENGINE-DRIVING  1  HE  ;  or  Stirring  Adventures  and  Inci- 
dents in  the  Lives  of  Locomotive  Engine-Drivers.    By  Michael 
Reynolds.    Crown  Svo,  2s.  cloth. 
Continuous  Railway  Brakes. 

CONTINUOUS  RAILWAY  BRAKES.  A  Practical  Treatise  on 
the  several  Systems  in  Use  in  the  United  Kingdom  ;  their  Construe- 
lion  and  Performance.  With  copious  Illustrations  and  numerous 
Tables.   By  Michael  Reynolds.    Large  Crovra  8vo,  9*.  cloth. 

[Jus/  published. 


PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO.  7 


Construction  of  Iron  Beams,  Pillars,  &c. 

IRON  AND  HEAT  ;  exhibiting  the  Principles  concerned  in  the 
construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  the  Smelting  Furnace.  By  J.  Armour,  C.  E.  t,s. 

Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire-Proof  Buildings,  and  the  Preservation  of 
Life  from  Fire ;  Statistics  of  the  Fire  Appliances  in  English 
Towns  ;  Foreign  Fire  Systems  ;  Hints  on  Fire  Brigades,  &c,  &c. 
By  Charles  F.  T.  Young,  C.E.  With  numerous  Illustrations, 
handsomely  printed,  544  pp.  >  demy  8vo,  ll.  4s.  cloth. 
"  We  can  most  heartily  commend  this  book." — Engineering. 

"Mr.  Young's  book  on  'Fire  Engines  and  Fire  Brigades'  contains  a  mass  of 
information,  which  has  been  collected  from  a  variety  of  sources.  The  subject  is  so 
intensely  interesting  and  useful  that  it  demands  consideration.'' — Building  News. 


AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c,  with  the  most  useful  Problems  in  Geodesy 
and  Practical  Astronomy.  By  Lieut. -Gen.  Frome,  R.E.,  late  In- 
spector-General of  Fortifications.  Fourth  Edition,  Enlarged,  and 
partly  Re-written.  By  Captain  Charles  Warren,  R.E.  With 
19  Plates  and  1 15  Woodcuts,  royal  8vo,  i6j-.  cloth. 

Tables  of  Curves. 

TABLES  OF  TANGENTIAL  ANGLES  and  MULTIPLES 
for  setting  out  Curves  from  5  to  200  Radius.  By  Alexander 
Beazeley,  M.  Inst.  C.E.  Second  Edition.  Printed  on  48  Cards, 
and  sold  in  a  cloth  box,  waistcoat-pocket  size,  y.  6d. 
"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 
the  hands  f  ree  to  manipulate  the  instrument." — Engineer. 

"  Very  handy  ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 
cards,  which  he  puts  into  his  own  card-case,  and  leaves  the  rest  behind." — 

Engineering  Fieldwork.  {Athenmtm. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine 
Surveying  and  Levelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a  Supplement  on  WATERWORKS,  SEWERS, 
SEWAGE,  and  IRRIGATION.  By  W.  Davis  Haskoll,  C.E. 
Numerous  folding  riates.    In  I  Vol.,  demy  8vo,  1/.  55. ,  cl.  boards. 

Large  Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 
A  Practical  and  Theoretical  Essay.  By  J.  II.  Watson  Buck, 
M.  Inst.  C.K.,  Resident  Engineer,  London  and  North- Western 
Railway.    Illustrated  with  Folding  Plates.    Royal  8vo,  vis.  cloth. 

"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the 
observations  on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construc- 
tion of  the  templates,  will  be  found  of  considerable  use.  We  commend  the  book  to 
the  engineering  profession,  and  to  all  who  have  to  build  similar  shafts." — Building 
News. 

"  Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to  save 
much  time  and  obviate  many  mistakes. " — Colliery  Guardian. 


§      WORKS  IN  ENGINEERING,  SURVEYING,  ETC., 

Survey  Practice. 

AID  TO  SURVEY  PRACTICE  :  for  Reference  m  Surveying, 
Levelling,  Setting-out  and  in  Route  Surveys  of  Travellers  by -Land 
and  Sea.    With  Tables,  Illustrations,  and  Records.    Ly  Low  is 
D'A.  Jackson,  A.-M.I.C.E.    Author  of  "Hydraulic  Manual  and 
Statistics,"  &c.    Large  crown  8vo,  I2J.  6d.,  cloth. 
Mr.  Jackson  has  had  much  and  varied  experience  in  field  work :ud ■«»  kM£j 
ledge  of  bookmaking,  and  he  has  utilised  both  these  ^^^S"1 
resflt.    The  volume  covers  the  ground  >t  occupies  very  horoughl  -L"S"£™%{ 
"  A  general  text  book  was  wanted,  and  we  are  able  to  speak  with  confidence :  ot 
Mr  Tackson's  treatise     .    .    .    We  cannot  recommend  to  the  student  w  ho  knov .s 
^melhmg  of \he  mathematical  principles  of  the  subject  a  better  cou.se  than  to  fortify 
his  practice  in  the  field  under  a  competent  surveyor  with  a  study  »fM;Js 
useful  manual.    The  field  records  illustrate  every  kind  of  survey,  and  will  be  found 
an  essential  aid  to  the  student." — Building  News.  . 

"  The"  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  expe- 
rience which,  aided  by  a  clear  and  lucid  style  of  writing,  renders  thebookboth  a  very 
useful  one  and  very  agreeable  to  read.  '—Builder. 

Sanitary  Work. 

SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND 
IN  VILLAGES.  Comprising  : — I.  Some  of  the  more  Common 
Forms  of  Nuisance  and  their  Remedies;  2.  Drainage;  3.  Water 
Supply.  By  Chas.  Slagg,  Assoc.  Inst.  C.E.  Crown  8vo  3* .cloth. 
•■A  very  useful  book,  and  may  be  safely  recommended  The  author  has  had 
practical  experience  in  the  works  of  which  he  treats,  —builder. 

Locomotives. 

LOCOMOTIVE  ENGINES,  A  Rudimentary  Treatise  on.  Com- 
prising an  Historical  Sketch  and  Description  of  the  Locomotive 
Engine  By  G.  D.  Dempsey,  C.E.  With  large  addrtions  treat- 
ing of  the  Modern  Locomotive,  by  D.  Kinnear  Clark, 
M  Inst  CE.    With  Illustrations.    i2mo.    y.  6d.    cloth  board:,. 

"The'student  cannot  fail  to  profit  largely  by  adopting  this  as  his  prehm.nary  text- 
book."—Iron  and  Coal  Trades  Review.        ....     ,    ...i,.  ArnJmv 

"  Seems  a  model  of  what  an  elementary  technical  book  should  be.  —Academy. 

Fuels  and  their  Economy. 

FUEL,  its  Combustion  and  Economy  ;  consisting  of  an  Abridg- 
ment of  "A  Treatise  on  the  Combustion  of  Coal  and  the  Prevention 
of  Smoke."  By  C.  W.  Williams,  A  I. C.E.  With  extensive 
additions  on  Recent  Practice  in  the  Combustion  and  Economy  oi 
Fuel-Coal,  Coke,  Wood,  Peat,  Petroleum,  &c.  ;  by  D.  Kin- 
near  Clark,  M.  Inst.  C.E.  Second  Edition,  revised.  With 
Illustrations.     121110.  <ts.  cloth  boards. 

S  dents  should  buy  the  boot  and  read  it,  as  one  of  i^rtg1* 
factory  treatises  on  the  combustion  and  economy  of  fuel  to  be  had.  -Lnginccr. 

Roads  and  Streets.  T 

THE  CONSTRUCTION  OF  ROADS  AND  S 1  REETS.  In 
Two  Parts.  I.  The  Art  of  Constructing  Common  Roads.  By 
HENRY  Law,  C.E.  Revised  and  Condensed  II.  Recent 
Practice  in  the  Construction  of  Roads  and  Streets  :  including 
Pavements  of  Stone,  Wood,  and  Asphalte.  By  D.  Kinneak 
CLARK,  M.  Inst.  C.E.  Second  Edit.,  revised.   121110,  5*.  cloth. 

••  A  book  which  every  borough  surveyor  and  engineer  must  possess,  and  which  v,,M 
be  ofconsMerable  service  to  architects,  builders,  and  property  owners  generally.  - 

Building  Newt. 
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Sezuing  Machine  [The). 

SEWING  MACHINERY  ;  being  a  Practical  Manual  of  the 
Sewing  Machine,  comprising  its  History  and  Details  of  its  Con- 
struction, with  full  Technical  Directions  for  the  Adjusting  of  Sew- 
ing Machines.  By  J.  \V.  Urquhart,  Author  of  "Electro 
Plating:  a  Practical  Manual;"  "Electric  Light:  its  Production 
and  Use."    With  Numerous  Illustrations.    i2mo,  2s.  6rf.  cloth. 

Field-Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S  FIELD-BOOK.  By  W.  Davis  Haskoll,  C.  E. 
Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of 
Systems,  and  Use  of  Theodolite  for  Traverse  Surveying  and  Plotting 
the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only;  Levelling  with  the  Theodolite,  Casting  out  and  Re- 
ducing Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary 
manner;  Setting  out  Curves  with  the  Theodolite  by  Tangential 
Angles  and  Multiples  with  Right  and  Left-hand  Readings  of  the 
Instrument;  Setting  out  Curves  without  Theodolite  on  the  System 
of  Tangential  Angles  by  Sets  of  Tangents  and  Offsets ;  and  Earth- 
work Tables  to  80  feet  deep,  calculated  for  every  6  inches  in  depth. 
With  numerous  Woodcuts.  4th  Edition,  enlarged.  Cr,  8vo. \2,s.  cloth. 
"  The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables 

of  sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 

genuine  traverse  tables  existing  all  the  same." — Atlienmtm. 

"  Cannot  fail,  from  its  portability  and  utility,  to  be  extensively  patronised  by  the 

engineering  profession." — Mining  Journal. 

Earthwork,  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.    By  Alex.  J.  S.  Graham, 
C.E.,  Resident  Engineer,  Forest  of  Dean  Central  Railway.  With 
numerous  Diagrams.    l8mo,  2s.  6d.  cloth. 
"  As  a  really  handy  book  for  reference,  we  know  of  no  work  equal  to  it ;  and  the 
railway  engineers  and  others  employed  in  the  measurement  and  calculation  of  earth- 
work will  find  a  great  amount  of  practical  information  very  admirably  arranged,  and 
available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers'  contractor's  offices." — Artizar,. 

Drawing  for  Engineers,  &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  John  Maxton,  Instructor  in  Engineering 
Drawing,  Royal  Naval  College,  Greenwich,  formerly  of  R.  S.  N.  A., 
South  Kensington.  Fourth  Edition,  carefully  revised.  With  upwards 
of  300  Plates  and  Diagrams.    i2mo,  cloth,  strongly  bound,  ^s. 

"  A  copy  of  it  should  be  kept  for  reference  in  every  drawing  office." — Engineering. 

"  Indispensable  for  teachers  of  engineering  drawing." — Mechanics'  Magazine. 

Weales  Dictionary  of  Terms. 

A   DICTIONARY  of  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY, 
ARCHEOLOGY,  the  FINE  ARTS,  &c.    By  John  Weale. 
Fifth  Edition,  revised  by  Robert  Hunt,  F.R.S.,  Keeper  of  Mining 
Records,  Editor  of  "  Ure's  Dictionary  of  Arts."  l2mo,  6s.  cl.  bds. 
11  The  best  small  technological  dictionary  in  the  language." — Architect. 
"  The  absolute  accuracy  of  a  work  of  this  character  can  only  be  judged  of  after 
extensive  consultation,  and  from  our  examination  it  appears  very  correct  and  very 
complete."- -M ining  Journal. 


WORKS  IN  MINING,  METALLURGY,  ETC., 


MINING,  METALLURGY,  ETC. 
— * — 

Coal  and  Iron. 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM  :  comprising  a  Description  of  the  Coal  Fields,  and  of 
the  Principal  Seams  of  Coal,  with  returns  of  their  Produce  and  its 
Distribution,  and  Analyses  of  Special  Varieties.  Also,  an  Account 
of  the  occurrence  of  Iron  Ores  in  Veins  or  Seams  ;  Analyses  of 
each  Variety  ;  and  a  History  of  the  Rise  and  Progress  of  Pig  Iron 
Manufacture  since  the  year  1 740,  exhibiting  the  economics  intro- 
duced in  the  Blast  Furnaces  for  its  Production  and  Improvement. 
By  Richard  Meade,  Assistant  Keeper  of  Mining  Records.  With 
Maps  of  the  Coal  Fields  and  Ironstone  Deposits  of  the  United 
Kingdom.    8vo.,  £1  8*.  cloth.  _    _      [Jus/ published. 

Metalliferous  Minerals  and  Mining. 

A  TREATISE  ON  METALLIFEROUS  MINERALS  AND 
MINING.    By  D.C.  Davies,  F.G.S.,  author  of  "A  Treatise  on 
Slate  and  Slate  Quarrying."    With  numerous  wood  engravings. 
Second  Edition,  revised.  Cr.  Svo.  I2s.  6d.  cloth. 
"  Without  question,  the  most  exhaustive  and  the  most  practically  useful  work  we 

have  seen  ;  the  amount  of  information  given  is  enormous,  and  it  is  given  concisely 

and  intelligibly." — Mining  Journal. 

Slate  and  Slate  Quarrying. 

A  TREATISE  ON  SLATE  AND  SLATE  QUARRYING, 
Scientific,  Practical,  and  Commercial.  By  D.  C.  Davies,  F.G.S., 
Mining  Engineer,  &c.  With  numerous  Illustrations  and  Folding 
Plates.  Second  Edition,  carefully  revised.  i2mo,  3-r.  6d.  cloth  boards. 
"Mr.  Davieshas  written  a  useful  and  practical  hand-book  on  an  important  industry', 
with  all  the  conditions  and  details  of  which  he  appears  familiar."— Engineering. 

Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON  :  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  Fifth  Edition, 
Revised  and  greatly  Enlarged.  With  Numerous  Illustrations, 
i2mo.    5-r.  6ei.,  cloth  boards.  [Jttst  published. 

Manual  of  Mining  Tools. 

MINING  TOOLS.     For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c.    By  William  Morgans.    Volume  of  Text. 
1 21110,  3J.    With  an  Atlas  of  Plates,  containing  23$  Illustrations. 
4to,  6s.    Together,  gs.  cloth  boards. 

Mining,  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE,  comprising  a  Treatise  on  Improved  Mining 
Surveying,  with  new  Traverse  Tables  ;  and  Descriptions  of  Im- 
proved Instruments  ;  also  an  Exposition  of  the  Correct  Principles 
of  Laying  out  and  Valuing  Home  and  Foreign  Iron  and  Coa 
Mineral  Properties.  By  William  LiNTERN,  Mining  and  Civil 
Engineer.  With  four  Plates  of  Diagrams,  Plans,  &c,  121110, 4J.  cloth. 
V  The  above,  bound  with  Thoman's  Tables.  (See  page  20.) 
Price  7*.  6d.  cloth. 
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Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING  :  a  Rudimentary  Treatise  on.  By 
Warington  W.  Smyth,  M.A.,  F.R.S.,  &c,  Chief  Inspector 
of  the  Mines  of  the  Crown.    Fifth  edition,  revised  and  corrected. 
i2mo,  with  numerous  Illustrations,  4*.  cloth  boards. 
"Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 
as  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as 
of  the  two  principal  methods  of  working,  the  book  will  doubtless  interest  a  very 
large  number  of  readers." — Mining  Journal. 

Underground  Pumping  Machinery. 

MINE  DRAINAGE  ;  being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with 
a  Description  of  a  large  number  of  the  best  known  Engines,  their 
General  Utility  and  the  Special  Sphere  of  their  Action,  the  Mode 
of  their  Application,  and  their  merits  compared  with  other  forms  of 
Pumping  Machinery.  By  Stephen  Michell,  Joint- Authorof"  The 
Cornish  System  of  Mine  Drainage. "  8vo,  15^.  cloth. 


NAVAL  ARCHITECTURE,  NAVIGATION,  ETC. 

 i  

Pocket  Book  for Naval ' Architects  & Shipbuilders. 

THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET  BOOK  OF  FORMULAE,  RULES,  AND  TABLES 
AND  MARINE  ENGINEER'S  AND  SURVEYOR'S  HANDY 
BOOK  OF  REFERENCE.  By  Clement  Mackrow,  M.  Inst. 
N.  A.,  Naval  Draughtsman.  Second  Edition,  revised.  With 
numerous  Diagrams.  Fcap.,  12s.  6d.,  strongly  bound  in  leather. 
"Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels." 
— Engineer. 

"  There  is  scarcely  a  subject  on  which  a  naval  architect  or  shipbuilder  can  require 
to  refresh  his  memory  which  will  not  be  found  within  the  covers  of  Mr.  Mackrow's 
book. " — English  Mechanic. 

"  Mr.  Mackrow  has  compressed  an  extraordinary  amount  of  information  into  this 
u  se  f 11 1  vol  u  m  e . "—  A  i  he  nit  n  m . 

Grantham1  s  Iron  Ship-Building. 

ON  IRON  SIIIP-BUILDING  ;  with  Practical  Examples  and 
Details.  Fifth  Edition.  Imp.  410,  boards,  enlarged  from  24  to  40 
Plates  (21  quite  new),  Including  the  latest  Examples.  Together 
with  separate  Text,  also  considerably  enlarged,  i2mo,  cloth  limp. 
By  John  Grantham,  M.  Inst.  C.E.,  &c    2/.  is.  complete. 

"  Mr.  Grantham's  work  is  of  great  interest.  It  will,  we  are  confident,  command  an 
extensive  circulation  among  shipbuilders  in  general.  By  order  of  the  Board  of  Admi- 
ralty, the  work  will  form  the  text-book  on  which  the  examination  in  iron  ship-building 
of  candidates  for  promotion  in  the  dockyards  will  be  mainly  based." — Engineering. 

Pocket- Book  for  Marine  Engineers. 

A  POCKET-BOOK  OF  USEFUL  TABLES  AND  FOR- 
MULAE FOR  MARINE  ENGINEERS.  By  Frank  Proctor, 
A. I.N.  A.     Third  Edition.    Royal  32mo,  leather,  gilt  edges,  4s. 

"A  most  useful  companion  to  all  marine  engineers." — United  Service  Gazette. 

"  Scarcely  anything  required  by  a  naval  engineer  appears  to  have  been  for- 
gotten."— Iron. 
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Light-Houses. 

EUROPEAN  LIGHT-HOUSE  SYSTEMS  ;  being  a  Report  o 
a  Tour  of  Inspection  made  in  1873.  By  Major  Geckge  H. 
Elliot,  Corps  of  Engineers,  U.S.A.  Illustrated  by  51  En 
gravings  and  31  Woodcuts  in  the  Text.    8vo,  2\s.  cloth. 

Surveying  [Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivers. 
Tov.ns'  Water  Supplies,  Docks  and  Harbours  ;  with  Descriptor 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.E. 
With  14  folding  Plates,  and  numerous  Woodcuts.  8vo,  12s. 6d.  cloth. 

"  A  most  useful  and  well  arranged  book  for  the  aid  of  a  student.  "—Builder. 
"  Of  the  utmost  practical  utility,  and  may  be  safely  recommended  to  all  student: 
who  aspite  to  become  clean  and  expert  surveyors."— Mining  Journal. 

Storms. 

STORMS  :  their  Nature,  Classification,  and  Laws,  with  the 
Means  of  Predicting  them  by  their  Embodiments,  the  Clouds 
By  William  Blasius.    Crown  Svo,  \os.  6d.  cloth  boards. 

Rudimentary  Navigation. 

THE  SAILOR'S  SEA-BOOK:  a  Rudimentary  Treatise  on  Navi 
galion.  By  James  Greenwood,  B.  A.  New  and  enlarged  edition 
By  W.  H.  Rosser.    i2mo,  Is-  cloth  boards. 

Mathematical  and  Nautical  Tables. 

MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical,: 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on 
Logarithms.  By  Henry  Law,  C.E.  Together  with  a  Series  ol 
Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor 
J.  R.  Young.    New  Edition.    121110,  4.?.  cloth  boards. 

Navigation  {Practical),  with  Tables. 

PRACTICAL  NAVIGATION  :  consisting  of  the  Sailor's  Sea- 
Book,  by  James  Greenwood  and  W.  H.  Rosser  ;  together 
with  the  requisite  Mathematical  and  Nautical  Tables  for  the  \\  ork- 
ing  of  the  Problems.  By  Henry  Law,  C.E..  and  Professor 
J.°R.  Young.  Illustrated.  121110,  7-r.  strongly  half-bound  in  leather. 

WEALE'S  RUDIMENTARY  SERIES. 

The  following  books  in  Naval  Architecture,  etc.,  are  published  in  the 

above  series. 

NAVIGATION  and  NAUTICAL  ASTRONOMY  IN  THEOR\ 

AND  PRACTICE.  By  PROFESSOR  J.  R.  YoUNG.  New  Edition. 

Including  the  Requisite  Elements  from  the  Nautical  Almanac  for 

Working;  the  Problems.    i2mo,  2s.  6d.  cloth. 
MASTING,  MAST-MAKING,  A X D  RIGGING  OF  SHIPS.  By 

Robert  Kipping,  N.A.  Fourteenth  Edition.  121110,  2s.  M.  cloth. 
SAILS   AND   SAIL-MAKING.     Tenth   Edition,    enlarged.  By 

Robert  Kipping,  N.A.    Illustrated.   121110,  3*  cloth  boards. 
NAVAL  ARCHITECTURE.    By  JAMES  PeAKE.    Fourth  Edition, 

with  Plates  and  Diagrams.    121110,  4s.  cloth  boards. 
MARINE  ENGINES,   AND  STEAM   VESSELS.    By  ROBERT 

Murray,  C.E.    Seventh  Edition.    121110,  3*.  6J.  cloth  boards. 
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Construction.  • 

THE  SCIENCE  of  BUILDING  :  An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A., 
Architect.  With  5  S  Wood  Engravings.  Second  Edition,  revised  and 
enlarged,  including  an  entirely  new  chapter  on  the  Nature  of 
Lightning,  and  the  Means  of  Protecting  Buildings  from  its  Violence. 
Crown  8vo,  "js.  6d.  cloth. 

"  A  very  valuable  book,  which  we  strongly  recommend  to  all  students." — Builder. 
"  No  architectural  student  should  be  without  this  hand-book." — Architect. 

Civil  and  Ecclesiastical  Btiilding. 

A  BOOK  ON  BUILDING,  CIVIL  AND  ECCLESIASTICAL, 
Including  Church  Restoration.  By  Sir  Edmund  Beckett, 
Bart.,  LL.D.,  Q.C.,  F.R.A.S.  Author  of  "Clocks  and 
Watches  and  Bells,"  &c.  i2mo,  $s.  cloth  boards. 
"  A  book  which  is  always  amusing  and  nearly  always  instructive.  We  are  able 
very  cordially  to  recommend  all  persons  to  read  it  for  themselves.  "  —  Times. 

"  We  commend  the  book  to  the  thoughtful  consideration  of  all  who  are  interested 
in  the  building  art." — Builder. 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE ;  being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Detailed  Specifications  and  Estimates.  By  C.  Wickes,  Architect, 
Author  of  "TheSpiresand  Towers  of  the  Mediaeval  Churches  of  Eng- 
land," &c.  30  Plates,  4to,  half  morocco,  gilt  edges,  il.  is. 
\*  Also  an  Enlarged  edition  of  the  above.  61  Plates,  with  Detailed 
Specifications,  Estimates,  &c.     2I.  2s.  half  morocco. 

Useful  Text- Book  for  Architects. 

THE  ARCHITECT'S  GUIDE  :  Being  a  Text-book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors, 
Clerks  of  Works,  &c.    By  F.  Rogers.    Cr.  8vo,  6s.  cloth. 

"As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c,  it 
would  be  hard  to  find  a  handier  or  more  complete  little  volume." — Standard. 

The  Young  Architect's  Book. 

HINTS  TO  YOUNG  ARCHITECTS.    By  G.  Wightwick. 
New  Edition.    By  G.  H.  Guillaume.     i2mo,  cloth,  4^. 
"Will  be  found  an  acquisition  to  pupils,  and  a  copy  ought  to  be  considered  as 
necessary  a  purchase  as  a  box  of  instruments. " — Arc/iitect. 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  George  Pyne.    With  14  Plates,  4to,  p.  6d.  boards. 

Boiler  and  Factory  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS  ;  their  Draught -power 
and  Stability,  with  a  chapter  on  Lightning  Conductors.  By  Robert 
Wilson,  C.E.    Crown  8vo,  3^.  6d.  cloth. 
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Taylor  and  Cresy  s  Rome. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By 
the  late  G.  L.  Taylor,  Esq.,  F.S.A.,  and  Edward  Cresy,  Esq. 
New  Edition,  Edited  by  the  Rev.  Alexander  Taylor,  M.  A.  (son 
of  the  late  G.  L.  Taylor,  Esq.)  This  is  the  only  book  which  gives 
on  a  large  scale,  and  with  the  precision  of  architectural  measure- 
ment, the  principal  Monuments  of  Ancient  Rome  in  plan,  elevation, 
and  detail.  Large  folio,  with  130  Plates,  half-bound,  3/.  3s. 
%*  Originally  published  in  two  volumes,  folio,  at  18/.  i8j. 

Vitruvius  A  rch itecture. 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  Translated  by  Joseph  Gwilt,  F.S.A.,  F.R.A.S. 
Numerous  Plates.    121110,  cloth  limp,  5 s. 

Ancient  Architecture. 

RUDIMENTARY    ARCHITECTURE   (ANCIENT)  ;  com- 
prising VITRUVIUS,  translated  by  Joseph   Gwilt.  F.S.A., 
&c,  with  23  fine  plates  ;  and  GRECIAN  ARCHITECTURE. 
By  the  Earl  of  Aberdeen  ;  121110,  6s.,  half-bound. 
%*  The  only  edition  of  VITRUVIUS  procurable  at  a  moderate  price. 

Modern  Architecture. 

RUDIMENTARY  ARCHITECTURE  (MODERN);  com- 
prising THE  ORDERS  OF  ARCHITECTURE.  By  W.  H. 
Leeds,  Esq.  ;  The  STYLES  of  ARCHITECTUREof  VARIOUS 
COUNTRIES.  By  T.  Talbot  Bury;  and  The  PRINCIPLES 
of  DESIGN  in  ARCHITECTURE.  By  E.  L.  Garbett. 
Numerous  illustrations,  121110,  6s.  half-bound. 

Civil  Architecture. 

A  TREATISE  on  THE  DECORATIVE  PART  of  CIVIL 
ARCHITECTURE.  By  Sir  William  Chambers,  F.R.S. 
With  Illustrations,  Notes,  and  an  Examination  of  Grecian  Archi- 
tecture. By  Joseph  Gwilt,  F.S.A.  Revised  and  edited  by  W. 
H.  Leeds.    66  Plates,  4A0,  21s.  cloth. 

House  Painting. 

HOUSE  PAINTING,  GRAINING,  MARBLING,  AND 
SIGN  WRITING  :  a  Practical  Manual  of.  With  9  Coloured 
Plates  of  Woods  and  Marbles,  and  nearly  150  Wood  Engravings. 
By  Ellis  A.  Davidson.  Third  Edition,  Revised.  121110,  6s.  cloth. 

Plumbing. 

PLUMBING  ;  aText-book  to  the  Practice  of  the  Art  or  Craft  of  the 
Plumber.  With  chapters  upon  House-drainage,  embodying  the 
latest  Improvements.  By  W.  P.  Buchan,  Sanitary  Engineer. 
Fourth  Edition,  Revised  and  Enlarged,  with  above  330  illustrations. 
121110.    4J.  cloth.  [Just  published. 

Joints  used  in  Building,  Engineering,  &c. 

THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 
construction  of  various  kinds  of  Engineering  and  Architectural 
works,  with  especial  reference  to  those  wrought  by  artificers  in 
erecting  and  finishing  Habitable  Structures.  By  W.  J.  CHRISTY, 
Archilccl.    With  100  Illustrations.    121110,  3s.  6d.  cloth  boards. 
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Handbook  of  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS  ;  or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
up  Specifications  and  Contracts  for  Works  and  Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  by  eminent 
Architects  and  Engineers.  By  Professor  Thomas  L.  Donald- 
son, M.I.B.A.  New  Edition,  in  One  large  volume,  8vo,  with 
upwards  of  1000  pages  of  text,  and  33  Plates,  cloth,  ll.  lis.  6d. 
"In  this  work  forty-four  specifications  of  executed  works  are  given.  .  .  .  Donald- 
son's Handbook  of  Specifications  must  be  bought  by  all  architects." — Builder. 

Specifications  for  Practical  ArcJiitecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE  : 
A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder ;  with 
an  Essay  on  the  Structure  and  Science  of  Modern  Buildings.  By 
Frederick  Rogers,  Architect.    8vo,  15^.  cloth. 

***  A  volume  of  specifications  of  a  practical  character  being  greatly  required,  and  the 
old  standard  work  of  Alfred  Bartholomew  being  out  of  print,  the  author,  on  the  basis 
of  that  work,  has  produced  the  above. — Extract  from  Preface. 

Designing,  Measuring,  and  Valuing. 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  MEA- 
SURING and  VALUING  ARTIFICERS'  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c.  With  9  Plates  and  47  Wood- 
cuts. Originally  edited  by  Edward  Dobson,  Architect.  New 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  useful  Tables  for  facilitating  Calculations  and  Measure- 
ments.  By  E.  Wyndham  Tarn,  M.A.,  8vo,  10s.  6d.  cloth. 

"  Well  fulfils  the  promise  of  its  title-page.  Mr.  Tarn's  additions  and  revisions  have 
much  increased  the  usefulness  of  the  work." — Engineering. 

Beaton!  s  Pocket  Estimator. 

THE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners'  work.  By  A.  C.  Beaton.  Second  Edition. 
Waistcoat-pocket  size.    is.  6d. 

Beaton 's Builders' 'and Surveyors'  Tec/mical Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Reference,  Technical  Directions  for  Measuring  Work  in 
all  the  Building  Trades,  &c.    By  A.  C.  Beaton,    is.  6d. 

The  House-Oivncrs  Estimator. 

THE  HOUSE-OWNER'S  ESTIMATOR;  or,  What  will  it 
Cost  to  Build,  Alter,  or  Repair?  A  Price-Book  for  Unprofes- 
sional People,  Architectural  Surveyors,  Builders,  &c.  By  the  late 
James  D.  Simon.  Edited  by  F.  T.  W.  Miller,  A.R.I.B.A. 
Third  Edit  ion,  Revised.    Crown  8vo,  3.?.  6d. ,  cloth. 

"  In  two  years  it  will  repay  its  cost  a  hundred  times  over.''— Field 
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Cement. 

PORTLAND  CEMENT  FOR  USERS.    By  Henry  Faija, 
A.M.  Inst.  C.E.,  with  Illustrations.    Crown  8vo.  3^.  6d.  cloth. 
"  A  useful  compendium  of  results  for  the  builder  and  architect."— Building  News. 

Builders  and  Contractors  Price  Book. 

LOCKWOOD  &  CO.'S  BUILDER'S  AND  CONTRACTOR'S 
PRICE  BOOK,  containing  the  latest  prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  and  of  all  Trades  connected  with  Building, 
&c.    Revised  by  F.  T.  W.  Miller,  A.R.I.B.  A.    Half-bound,  4J. 


CARPENTRY,  TIMBER,  ETC. 
— ♦ — 

Tredo-old's  Carpentry,  new  and  cheaper  Edition. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY  s 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches, 
Bridges,  Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c.  To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c, 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Building  ;  also 
numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes, 
the  Specific  Gravities  of  Materials,  &c.  By  Thomas  Tredgold, 
C  E.  Edited  by  Peter  Barlow,  F.R.S.  Fifth  Edition,  cor- 
rected and  enlarged.  With  64  Plates,  Portrait  of  the  Author,  and 
Woodcuts.  4to,  published  at  2/.  2s.,  reduced  to  1/.  5*.  cloth. 
"  Ought  to  be  in  every  architect's  and  every  builder's  library^  and  those  who 
do  not  already  possess  it  ought  to  avail  themselves  of  the  new;  issue.  —Builder. 

"A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  car- 
pentry is  concerned.  The  Author's  principles  are  rather  confirmed  than  impaired  by 
time.    The  additional  plates  are  of  great  intrinsic  value.  —Building  News. 

Grandys  Timber  Tables. 

THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S, 
&  BUILDER'S  STANDARD  GUIDE.  By  R.  E.  Grandy. 
2nd  Edition.  Carefully  revised  and  corrected.  l2mo,  y.  bd.  cloth. 
"  Everything  it  pretends  to  be  :  built  up  gradually,  it  leads  one  from  a  forest  to  a 

treenail,  and  throws  in,  as  a  makeweight,  a  host  of  material  concerning  bricks  columns. 

cisterns,  &c— all  that  the  class  to  whom  it  appeals  requires.  —English  Mechanic. 

Timber  Freight  Book. 

THE  TIMBER  IMPORTERS'  AND  SHIPOWNERS' 
FREIGHT  BOOK  :  Being  a  Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 
Builders,  and  Others.    By  W.  Richardson.    Crown  bvo,  6/. 

Tables  for  Packing-Case  Makers. 

PACKING-CASE  TABLES  ;  showing  the  number  of  Superficial 
Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and 
upwards.    By  W.  Richardson.    Oblong  410,  3*.  bd.  cloth. 

"  Invaluable  labour-saving  tables."— Iromno ngtt. 

Carriage  Bitilding,  &c. 

COACH  BUILDING:  A  Practical  Treatise,  Historical  and 
Descriptive,  containing  full  information  of  the  various  Trades  and 
Processes  involved,  with  Hints  on  the  proper  keeping  of  Carriages, 
&c.    57  Illustrations.    By  James  W.  Burgess,    wmo,  3*.  cloth. 
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H or  ton's  Measurer. 

THE  COMPLETE  MEASURER  ;  setting  forth  the  Measure- 
ment of  Boards,  Glass,  &c.  ;  Unequal-sided,  Square-sided,  Oc- 
tagonal-sided, Round  Timber  and  Stone,  and  Standing  Timber. 
Also  a  Table  showing  the  solidity  of  hewn  or  eight-sided  timber, 
or  of  any  octagonal-sided  column.  By  Richard  Horton. 
Fourth  Edit.  With  Additions,  i2mo.  strongly  bound  in  leather,  $s. 

Horton  s  Underwood  and  Woodland  Tables. 

TABLES  FOR  PLANTING  AND  VALUING  UNDER- 
WOOD AND  WOODLAND  ;  also  Lineal,  Superficial,  Cubical, 
and  Decimal  Tables,  &c.    By  R.  Horton.    121110,  is.  leather. 

Nicholson  s  Carpenter  s  Guide. 

THE  CARPENTER'S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS  :  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  Peter  Nicholson's  standard  work.  A  new  Edition,  revised 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  George  Pyne.    With  74  Plates,  4I0,  1/.  is.  cloth. 

Dowsing-' s  Timber  Merchant's  Companion. 

TPIE  TIMBER  MERCHANT'S  AND  BUILDER'S  COM- 
PANION ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  also  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred,  &c.,  &c.  Also  a  variety  of  other  valuable  information. 
By  William  Dowsing,  Timber  Merchant.  Third  Edition,  Re- 
vised. Crown  8vo,  3^.  cloth. 
"Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no 
doubt  that  every  timber  merchant  and  builder  ought  to  possess  it." — Hull  Advertiser. 

Practical  Timber  Merchant. 

THE  PRACTICAL  TIMBER  MERCHANT,  being  a  Guide 
for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c, 
comprising  useful  Tables  for  all  purposes  connected  with  the 
Timber  Trade,  Essay  on  the  Strength  of  Timber,  Remarks  on  the 
Growth  of  Timber,  &c.  By  W.  Richardson.  Fcap.  8vo,  3^.  6</.  cl. 

Woodworking  Machinery. 

WOODWORKING  MACHINERY;  its  Rise,  Progress,  and 
Construction.  With  Hints  on  the  Management  of  Saw  Mills  and 
the  Economical  Conversion  of  Timber.  Illustrated  with  Examples 
of  Recent  Designs  by  leading  English,  French,  and  American 
Engineers.  ByM.  Powis  Bale,  M.I.M.E.  Crown  8vo,  12s.  6d.  cl. 

"  Mr.  liale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much 
information  that  his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  con- 
version of  timber." — Architect. 

"  The  most  comprehensive  compendium  of  wood-working  machinery  we  have 
seen.    The  author  ii  a  thorough  master  of  his  subject." — building  News, 

Saw  Mills. 

SAW  MILLS,  THEIR  ARRANGEMENT  AND  MANAGE- 
MENT, A X  1 )  'I'll E  ECONOMICAL  CONVERSION  OF 
TIMBER.  By  M.  Powis  Bale,  M.I.M.E.  With  numerous 
Illustrations.    Crown  Svo.  [In  the  Press. 

c 
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MECHANICS,  ETC. 

Turning.  — • — 

LATHE- WORK:  a  Practical  Treatise  on  the  Tools,  Appliances, 
and  Processes  employed  in  the  Art  of  Turning.  By  Paul  N.  Has- 
LUCK.  With  Illustrations  drawn  by  the  Author.  Crown  8vo,  $s. 
"  Evidently  written  from  personal  experience,  and  gives  a  large  amount  of  just 

that  sort  of  information  which  beginners  at  the  lathe  require."— Builder. 

Mechanics  Workshop  Companion. 

THE  OPERATIVE  MECHANIC'S  WORKSHOP  COM- 
PANION, and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL ASSISTANT.  By  W.  Templeton.  13th  Edit.,  with 
Mechanical  Tables  for  Operative  Smiths,  Millwrights,  Engineers, 
&c. ;  and  an  Extensive  Table  of  Powers  and  Roots,  i2mo,  $s.  bound. 

"  Admirably  adapted  to  the  wants  of  a  very  large  class.  It  has  met  with  great 
success  in  the  engineering  workshop,  as  we  can  testify  ;  and  there  are  a  gTeat  many 
men  who,  in  a  great  measure,  owe  their  rise  ill  life  to  this  little  work." '—Budding  News. 

Engineers  and  Machinist's  Assistant. 

THE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTICAL  ASSISTANT  ;  comprising  a  Collection  of  Useful 
Tables,  Rules,  and  Data.    By  Wm.  Templeton.    iSmo,  2s.  6d. 

Smith's  Tables  for  Mechanics,  &c. 

TABLES,  MEMORANDA,  and  CALCULATED  RESULTS, 
FOR  MECHANICS,  ENGINEERS,  ARCHITECTS, 
BUILDERS,  &c.  Selected  and  Arranged  by  FRANCIS  SMITH. 
240pp.  Waist  coat-pocket  size,  is.6d.,  limp  leather.  [Just  published. 

Boiler  Making. 

THE  BOILER-MAKER'S  READY  RECKONER.  With 
Examples  of  Practical  Geometry  and  Temphting,  for  the  use  of 
Platers,  Smiths,  and  Riveters.  By  John  Courtney,  Edited  by 
D.  K.  Clark,  M.  I.  C.E.    121110,  9s.  half-bd.     [Just publtshtd. 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT. Tables  calculated  from  I  to  200  inches  in  length, 
by  1  to  10S  inches  in  breadth.   By  J.  Hawkings.  Fcp.  3s.  6d.  cl. 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE.  By  Dr.  Ernst 
A  khan.  Translated  from  the  German,  with  Notes,  by  Dr.  Pole, 
F.R.S.    Plates,  Svo,  i6j.  6d.  cloth. 

Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS  :  their  Strength,  Con- 
struction, and  Economical  Working.  By  R.  Wilson,  C.E. 
Fifth  Edition.    121110,  6s.  cloth.  . 

"  1  he  best  work  011  toilers  which  has  come  under  our  notice  —Engineering: 
"  J  he  best  treatise  that  lias  ever  been  published  on  steam  boilers.  —Engineer. 

Media  nics. 

T [IE  HANDBOOK  OF  MECHANICS.  By  Dionysus 
I ardner  PC I..  New  Edition,  Edited  and  considerably  En- 
larged, by  Benjamin  Loewy,  F.R.A.S.,  &c,  post  8v0»  6s-  clolh- 
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MATHEMAI^   

Metrical  Units  and  Systems  &c 

Large  Crown  8vo,  12s.  6d.  clolh.  'f'.  .&c; 

.  Gregory's  Practical  Mathematics  P  ' 

P^Boo^  MEN^  being  a  Common- 

For  the  Use  ofcS  eEngL^rISelmS  s  ^ 

UK1>  i-J-.JJ.,  JM\.  A.S.   Enlarged  bv  H  T  aw  r  t?    .h.  t-j-7- 
rev,sed  by  P„f.  J.  R,  y0D„G.  £E.  ,f ^ 

l'%Z'^TS ±Plied  t0  the  Constructive  Arts 

Diagrams  and  Symbols.  By  Oliver  Byrw*  r  i  5  ™ Ured 
Crown  8vo,  3j.  6c/.,  cloth.      ULIYER  Mj^ne.    Coloured  Plates. 

The  Metric  System. 

A   SERIES   OF   METRIC   TATUfs    i  ,  , 

Dowling,  C.  E    2nd  Edit. ,  revised  and  enlarged.  8vo,  ,  J.  &  £ 

ferred  Annuities,  &c.    By  Wit  t  tam  Twmiaa^  Estates,  De- 

Tables  of  Logarithms  fo,  the  m       nS    un  2ISt  ec,ition>  with 
Interest  of  Money,  &c    By  M  F^nnf        '  ComP"tati°»s  of  the 
"  Those  interested  in  &  Sd-STud  2  of  esli?^  ^  cloth- 

compensation  cases,  as  well  as  in  transactions  in  an  m,'  'T'r  n  lhe  adjustment  of 
find  the  present  edition  of  eminent  S^^^  hfe  durances,  fa.,  will 
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WORKS  IN  MATHEMATICS,  ETC., 


Weights,  Measures,  Moneys,  Cjfc. 

MEASURES,  WEIGHTS,  and  MONEYS  of  all  NATIONS. 
Entirely  New  Edition,  Revised  and  Enlarged.  By  W.  S.  B. 
Woolhouse,  F.R.A.S.    121110,  25.  6</._cloth  boards. 

Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES  ; 
with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c,  in  all  their  Applications  and 
Uses  for  Mercantile  and  State  Purposes.  By  Fedor  Thoman, 
of  the  Societe  Credit  Mobilier,  Paris.    3rd  Edit.,  i2mo,  45.  M.  cl. 

Iron  and  Metal  Trades'  Calculator. 

THE  IRON  AND  METAL  TRADES'  COMPANION  : 
Being  a  Calculator  containing  a  Series  of  Tables  upon  a  new  and 
comprehensive  plan  for  expeditiously  ascertaining  the  value  of  any 
goods  bought  or  sold  by  weight,  from  is.  per  cwt.  to  U2j.  per 
cwt,  and  from  one  farthing  per  lb.  to  is.  per  lb.  Each  Table  ex- 
tends from  one  lb.  to  100  tons.  ByT.  Down  IE.  396  pp.,  9s.,  leather. 

Iron  and  Steel. 

IRON  AND  STEEL  :  a  Work  for  the  Forge,  Foundry, 
Factory,  and  Office.  Containing  Information  for  Ironmasters  and 
their  Stocktakers  ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling 
Mills  ;  Iron  and  Metal  Founders  ;  Iron  Ship  and  Bridge  Builders  ; 
Mechanical,  Mining,  and  Consulting  Engineers  ;  Architects,  Builders, 
&c.  By  Charles  Hoare.  Eighth  Edit.  Oblong  321110,  6s.,  leather. 

CompreJicnsive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR,  being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  one  Reference 
the  exact  Value  of  any  Weight  from  lib.  to  15  tons,  at  300  Pro- 
gressive Rates,  from  I  Penny  to  16S  Shillings  per  cwt.,  and  con- 
taining 186,000  Direct  Answers,  which,  with  their  Combinations, 
consisting  of  a  single  addition,  will  afford  an  aggregate  of  10,266,000 
Answers  ;  the  whole  being  calculated  and  designed  to  ensure 
Correctness  and  promote  ^Despatch.  By  HENRY  Harben, 
Accountant.    New  Edition.    Royal  Syo,  1/.  5.?.,  half-bound. 

Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE:  comprising  Tables  for  the  use  of 
Merchants,  Manufacturers,  Ironmongers,  and  others,  by  which 
may  be  ascertained  the  exact  profit  arising  from  any  mode  of  using 
Discounts,  cither  in  the  Purchase  or  Sale  of  Goods,  and  the  method 
of  either  Altering  a  Rate  of  Discount,  or  Advancing  a  Price,  so  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  any  required 
profit  after  allowing  one  or  more  Discounts  :  to  which  are  added 
Tables  of  Profit  or"  Advance  from  \  \  to  90  per  cent.,  Tables  of 
Discount  from  i\  to  gS^  per  cent.,  and  Tables  of  Commission,  &C., 
from  \  to  10  per  cent.    By  H.  Harben,  8vo,  i/.  5*.,  half-bound. 

Mathematical  Instruments. 

MATHEMATICAL  INSTRUMENTS:  Their  Construction, 
Adjustment,  Testing,  and  Use  ;  comprising  Drawing,  Measuring 
Optical,  Surveying,  and  Astronomical  Instruments.  By  J.  1'- 
HEATHER,  M.A.    Enlarged  Edition,    iamo,  S-t.  cloth. 
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SCIENCE  AND  ART. 

— + — 

Gold  and  Gold-Working. 

THE  GOLDSMITH'S  HANDBOOK  :  containing  full  instruc- 
tions for  the  Alloying  and  Working  of  Gold.  Including  the  Art  of 
Alloying,  Melting,  Reducing,  Colouring,  Collecting  and  Refining. 
Chemical  and  Physical  Properties  of  Gold,  with  a  new  System  of 
Mixing  its  Alloys ;  Solders,  Enamels,  &c.  By  George  E.  Gee. 
Second  Edition,  enlarged.  i2mo,  3.5-.  6d.  cloth. 
|| The  best  work  yet  printed  on  its  subject  for  a  reasonable  price." — Jeweller. 
"  Essentially  a  practical  manual,  well  adapted  to  the  wants  of  amateurs  and 

apprentices,  containing  trustworthy  information  that  only  a  practical  man  can 

supply." — English  Mechanic . 

Silver  and  Silver  Working. 

THE  SILVERSMITH'S  HANDBOOK,  containing  full  In- 
structions for  the  Alloying  and  Working  of  Silver.  Including  the 
different  Modes  of  Refining  and  Melting  the  Metal,  its  Solders,  the 
Preparation  of  Imitation  Alloys,  &c.  By  G.  E.  Gee.  i2mo,  3-r.  6d. 

"  The  chief  merit  of  the  work  is  its  practical  character.  The  workers  in  the  trade 
will  speedily  discover  its  merits  when  they  sit  down  to  study  it."— English  Mechanic . 

H all-Marking  of  Jeivellery. 

THE  HALL-MARKING  OF  JEWELLERY  PRACTICALLY 
CONSIDERED,  comprising  an  account  of  all  the  different  Assay 
Towns  of  the  United  Kingdom ;  with  the  Stamps  at  present 
employed;  also  the  Laws  relating  to  the  Standards  and  Hall- 
Marks  at  the  various  Assay  Offices  ;  and  a  variety  of  Practical 
Suggestions  concerning  the  Mixing  of  Standard  Alloys,  &c.  By 
George  E.  Gle.   Crown  8vo,  $s.  cloth.  \J  ust  published. 

Electro- Plating,  &c. 

ELECTROPLATING:  A  Practical  Handbook.  By  J.  W. 
Urquhart,  C.E.    Crown  Svo,  p.  cloth. 

"Any  ordinarily  intelligent  person  may  become  an  adept  in  electro-deDOsition 
with  a  very  little  science  indeed,  and  this  is  the  book  to  show  the  way."— Builder. 

Electrotyping,  &c. 

ELECTROTYPING  :  A  Practical  Manual  on  the  Reproduction 
and  Multiplication  of  Printing  Surfaces  and  Works  of  Art  by  the 
Electro-deposition   of  Metals.    By   J.    W.    Urqluiart,  C.E. 
Crown  Svo,  $s.  cloth. 
"A  guide  to  beginners  and  those  who  practise  the  old  and  imperfect  methods."-— Iron. 

Electro-Plating. 

ELECTRO-METALLURGY  PRACTICALLY  TREATED. 
By  ALEXANDER  Watt,  F.R.S.S.A.  Including  the  Electro- 
Deposition  of  Copper,  Silver,  Gold,  Brass  and  Bronze,  Platinum, 
Lead,  Nickel,  Tin,  Zinc,  Alloys  of  Metals,  Practical  Notes,  &c, 
&c.  Seventh  Edition,  Revised  and  Enlarged,  including  the  most 
recent  Processes.  i2mo,  3.1-. '  6c/.  cloth. 
'  From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for 

the  successful  prosecution  of  electroplating." — Iron. 

"A  practical  treatise  fur  the  use  of  those  who  desire  to  work  in  the  art  of  elettro- 

deposition  as  a  business."— English  Mechanic. 
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Dentistry. 

MECHANICAL  DENTISTRY.  A  Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Com- 
prising also  Useful  Formula;,  Tables,  and  Receipts  for  Gold 
Hate,  Clasps,  Solders,  etc.,  etc.  By  Charles  Hunter.  Second 
Ednion,  Revised  ;  including  a  new  chapter  on  the  use  of  Celluloid. 
With  over  ioo  Engravings.    Cr.  8vo,  7s.  6d.  cl.      {Just published. 

"  An  authoritative  treatise,  which  we  can  strongly  recommend  to  all  students.  — 
Dublin  Journal  of  Medical  Science. 

"The  best  book  on  the  subject  with  which  we  are  acquainted.'  —Medical  Press. 

Electricity. 

A  MANUAL  of  ELECTRICITY ;  including  Galvanism,  Mag. 
netism,  Diamagnetism,  Electro-Dynamics,  Magneto-Electricity,  and 
the  Electric  Telegraph.  By  Henry  M.  Noad,  Ph.D.,  F.C.S. 
Fourth  Edition,  with  500  Woodcuts.  8vo,  ll.  4s.  cloth. 
"  The  accounts  given  of  electricity  and  galvanism  are  not  only  complete  in  a  scientific 
sense,  but,  which  is  a  rarer  thing,  are  popular  and  interesting." — Lancet. 

Text-Book  of  Electricity. 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph.D.,  F.R.S.,  &c.  New  Edition,  Revised. 
With  an  Introduction  and  Additional  Chapters  by  W.  H.  Preece, 
M.I.C.E.,  Vice-President  of  the  Society  of  Telegraph  Engineers, 
&c.  With  470  Illustrations.  Crown  8vo,  12*.  6d.  cloth. 
"A  reflex  of  the  existing  state  of  Electrical  Science  adapted  for  students."- 
W.  H.  Preece,  Esq.,  vide  "  Introduction." 

"  We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  subject,  a 
good  index,  and  a  plethora  of  woodcuts.  Such  collections  as  the  present  are  indis- 
pensable."— Athentntw.  .  .  „ 

"  An  admirable  text-book  for  every  student— beginner  or  advanced— of  electricity. 
— Engineering.  .       ,  . 

"  Recommended  to  students  as  one  of  the  best  text-books  on  the  subject  that  they 
can  have.  Mr.  Preece  appears  to  have  introduced  all  the  newest  inventions  in  the  shape 
of  telegraphic,  telephonic,  and  electric-lighting  apparatus."—  English  Mechanic. 

"  Under  the  editorial  hand  of  Mr.  Preece  the  late  Dr.  Noad  s  text  book  of  elec- 
tricity has  grown  into  an  admirable  handbook." —  Westminster  Review. 

Electric  Lighting. 

ELECTRIC  LIGHT  :  Its  Production  and  Use,  embodying  plain 
Directions  for  the  Working  of  Galvanic  Batteries,  Electric  Lamps, 
and  Dynamo-Electric  Machines.  By  J.  W.  URQUHART,  C.E., 
Author  of  "  Electroplating."  Edited  by  F.  C.  Webb,  M.I.C.E., 
M.S.T.E.    With  94  Illustrations.    Crown  8vo,  Js.  6d.  cloth. 

"The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  subject."— Athetutuin. 

"An  important  addition  to  the  literature  of  the  electric  light.  Students  of  the 
subject  should  nut  fail  to  read  it."— Colliery  Guardian. 

Lightning,  &c. 

Till''.  ACTION  of  LIGHTNING,  ?nd  the  MEANS  of  DE- 
FENDING LIFE  AND  PROPERTY  FROM  ITS  EFFECTS. 
By  Arthur  Parnell,  Major  in  the  Corps  of  Royal  Engineers. 

121110,  "js.  Gd.  cloth. 

"  Major  Parnell  has  written  an  original  work  on  a  scientific  subject  of  unusual  inte- 
rest ;  and  he  has  prefaced  his  arguments  by  a  patient  and  almost  exhaustive  citation 
of  the  best  writers  on  the  subject  in  the  English  language."— Athtnaum. 

"  The  work  comprises  all  that  is  actually  known  on  the  subject.  —Land. 

"  Major  Parnell's  measures  arc  based  on  the  results  of  experience.  A  valuable 
repertoire  of  facts  and  principles  arranged  in  a  scientific  form.'  —L'l/itdmjr  News, 
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The  Alkali  Trade — Sulphuric  Acid,  &c. 

A  MANUAL  OF  THE  ALKALI  TRADE,  including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.  By  John  Lomas,  Alkali  Manufacturer,  Newcastle-upon- 
Tyne  and  London.  With  232  Illustrations  and  Working  Draw- 
ings, and  containing  3S6  pages  of  text.  Super-royal  8vo, 
2/.  12s.  6d.  cloth. 

This  work  provides  (1)  a  Complete  Handbook  for  intending:  Alkali  and  Sulphuric 
Aeid  Manufacturers,  and  for  those  already  in  the  field  who  desire  to  improve  their 
plant,  or  to  become  practically  acquainted  with  the  latest  processes  and  development 
of  the  trade  ;  (2)  a  Handy  Volume  which  Manufacturers  can  put  into  the  /mints  o 
their  Managers  and  Foremen  as  a  useful  guide  in  their  daily  rounds  of  duly. 


Synopsis  of 

Chap.  I.  Choice  of  Site  and  General 
Plan  of  Works — II.  Sulphuric  Acid— 
III.  Recovery  of  the  Nitrogen  Com- 
pounds, and  Treatment  of  Small  Pyrites 
—IV.  The  Salt  Cake  Process-V.  Legis- 
lation upon  thej  Noxious  Vapours  (Ques- 
tion— VI.  The  Hargreaves'  and  Jones' 
Processes — VII.  The  Balling  Process — 
VIII.   Lixiviation  and  Salting  Down — 


Contents. 

IX.  Carbonating  or  Finishing — X.  Soda 
Crystals  — XI.  Refined  Alkali—  XI 1. 
Caustic  Soda  —  XIII.  Bi-carbonate  of 
Soda  — XIV.  Bleaching  Powder— XV. 
Utilisation  of  Tank  Waste— XVI.  General 
Kemarks— Four  Appendices,  treating  of 
Yields,  Sulphuric  Acid  Calculations,  Ane- 
mometers, and  Foreign  Legislation  upon 
the  Noxious  Vapours  Question. 


"The  author  has  given  the  fullest,  most  practical,  and,  to  all  concerned  in  the 
alkali  trade,  most  valuable  mass  of  information  that,  to  our  knowledge,  has  been 
published  in  any  language." — Engineer. 

"  This  book  is  written  by  a  manufacturer  for  manufacturers.  The  working  details 
of  the  most  approved  forms  of  apparatus  are  given,  and  these  are  accompanied  by 
no  less  than  232  wood  engravings,  all  of  which  may  be  used  for  the  purposes  of  con- 
struction. Every  step  in  the  manufacture  is  very  fully  described  in  this  manual,  and 
each  improvement  explained.  Everything  which  tends  to  introduce  economy  into 
the  technical  details  of  this  trade  receives  the  fullest  attention.  The  book  has  been 
produced  with  great  completeness." — Athenaeum. 

"The  author  is  not  one  of  those  clever  compilers  who,  on  short  notice,  will  'read 
up'  any  conceivable  subject,  but  a  practical  man  in  the  best  sense  of  the  word.  We 
find  here  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of 
the  trade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearing 
on  the  successful  conduct  of  alkali  works,  but  which  are  generally  overlooked  by 
even  the  most  experienced  technological  authors.  This  most  valuable  book,  which 
we  trust  will  be  generally  appreciated,  we  must  pronounce  a  credit  alike  to  its  author 
and  to  the  enterprising  firm  who  have  undertaken  its  publication." — Chemical 
Review. 

Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMTCAL  ANA- 
LYSIS ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures, 
in  Trades,  and  in  the  Arts.  By  A.  Normandy,  Author  of  "  Prac- 
tical Introduction  to  Rose's  Chemistry,"  and  Editor  of  Rose's 
"Treatise  on  Chemical  Analysis."  New  Edition.  Enlarged,  and 
to  a  great  extent  re-written,  by  Henry  M.  Noah,  Ph.  D.,  F.R.S. 
With  numerous  Illustrations.  Cr.  Svo,  I2.r.  6,/.  cloth. 

"We  recommend  this  book  to  the  careful  perusal  of  everyone;  it  may  be  truly 
affirmed  to  be  of  universal  interest,  and  we  strongly  recommend  it  to  our  readers  as  a 
guide,  alike  indispensable  to  the  housewife  as  to  the  pharmaceutical  practitioner  "— 
Medical  Times. 

"  Essential  to  the  analysts  appointed  under  the  new  Act.  The  most  recent  results 
are  given,  and  the  work  is  well  edited  and  carefully  written."— Nature. 
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Dr.  Lardners  Museum  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
Dionysius  Lardner,  D.C.L.,  formerly  Professor  of  Natural  Phi- 
losophy and  Astronomy  in  University  College,  London.  With  up- 
wards of  1200  Engravings  on  Wood.  In  6  Double  Volumes. 
Price  £l  is.,  in  a  new  and  elegant  cloth  binding,  or  handsomely 
bound  in  half  morocco,  31s.  6d. 

OPINIONS  OF  THE  PRESS. 
"  This  series,  besides  affording  popular  but  sound  instruction  on  scientific  subjects, 
with  which  the'humblest  man  in  the  country  ought  to  be  acquainted,  also  undertakes 
that  teaching  of  '  common  things'  which  every  well-wisher  of  his  kind  is  anxious  to 
promote  Many  thousand  copies  of  this  serviceable  publication  have  been  printed, 
in  the  belief  and  hope  that  the  desire  for  instruction  and  improvement  widely  pre- 
vails ;  and  we  have  no  fear  that  such  enlightened  faith  will  meet  with  disappaint- 

me"A  cheap"an'd  interesting  publication,  alike  informing  and  attractive.  The  papers 
combine  subjects  of  importance  and  great  scientific  knowledge,  considerable  induc- 
tive powers,  and  a  popular  style  of  treatment."— Specta tor. 

"The  'Museum  of  Science  and  Art'  is  the  most  valuable  contribution  that  has 
ever  been  made  to  the  Scientific  Instruction  of  every  class  of  society.  —Sir  David 
Brewster  in  the  North  British  Review.  . 

"Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  ot 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  would  be  welcomed  by 
people  of  so  many  ages  and  classes  as  a  valuable  present."— Examiner. 

**  Separate  books  formed  from  the  above,  suitable  for  Workmen's 
Libraries,  Science  Classes,  &>c. 

COMMON  THINGS  EXPLAINED.  Containing  Air,  Earth,  Fire, 
Water,  Time,  Man,  the  Eye,  Locomotion,  Colour,  Clocks  and 
Watches,  &c.    233  Illustrations,  cloth  gilt,  5-f. 

THE  MICROSCOPE.  Containing  Optical  Images,  Magnifying 
Glasses,  Origin  and  Description  of  the  Microscope,  Microscopic 
Objects',  the  Solar  Microscope,  Microscopic  Drawing  and  Engrav- 
ing, &c.    147  Illustrations,  cloth  gilt,  is. 

POPULAR  GEOLOGY.  Containing  Earthquakes  and  Volcanoes, 
the  Crust  of  the  Earth,  etc.    201  Illustrations,  cloth  gilt,  2s.  6d. 

POPULAR  PHYSICS.  Containing  Magnitude  and  Minuteness,  the 
Atmosphere,  Meteoric  Stones,  Popular  Fallacies,  Weather  Prog- 
nostics, the  Thermometer,  the  Barometer,  Sound,  ccc.  S5  Illus- 
trations, cloth  gilt,  2s.  ()•/. 

STFAM  AND  ITS  USLS.  Including  the  Steam  Engine,  the  Lo- 
comotive, and  Steam  Navigation.    89  Illustrations,  cloth  gilt,  2s. 

POPULAR  ASTRONOMY.  Containing  How  to  Observe  the 
Heavens.  The  Earth,  Sun,  Moon,  Planets.  Light,  Comets, 
Eclipses,  Astronomical  Influences,  &c.    1S2  Illustrations,  45.  bd. 

THE  BEE  AND  WHITE  ANTS:  Their  Manners  and  Habits. 
With  Illustrations  of  Animal  Instinct  and  Intelligence.  135  Illus- 
trations, cloth  gilt,  2s. 

THE  ELECTRIC  TELEGRAPH  POPULARISED.  To  render 
intelligible  to  all  who  can  Read,  irrespective  of  any  previous  Scien- 
tific Acquirements,  the  various  forms  of  Telegraphy  111  Actual 
Operation.     100  Illustrations,  cloth  gilt,  \s.  bd. 
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Dr.  Lardners  Handbooks  of  Natural  Philosophy. 

***  The  following  five  volumes,  though  each  is  Complete  in  itself,  and  to  be  pur- 
chased separately,  fortn  A  Complete  Course  ok  Natural  Philosophy,  and  are 
intended  for  the  general  reader  who  desires  to  attain  accurate  knowledge  of  the 
various  departments  of  Physical  Science,  without  pursuing-  them  according  to  the 
wore  profound  methods  of  mathematical  investigation.  The  style  is  studiously 
popular.  It  has  been  the  author's  aim  to  supply  Manuals  such  as  are  required  by 
the  Student,  the  Engineer,  the  Artisan,  and  the  superior  classes  in  Schools. 

THE  HANDBOOK  OF  MECHANICS.  Enlarged  and  almost 
rewritten  by  Benjamin  Loewy,  F.R.A.S.  With  378  Illustra- 
tions.   Post  Svo,  6s.  cloth. 

"The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had 
become  obsolete,  have  been  replaced  by  others  of  more  modern  character.  The 
explanations  throughout  are  studiously  popular,  and  care  has  been  taken  to  show 
the  application  of  the  various  branches  of  physics  to  the  industrial  arts,  and  to 
the  practical  business  of  life." — Mining  Journal. 

THE  HANDBOOK  of  HYDROSTATICS  and  PNEUMATICS. 
New  Edition,  Revised  and  Enlarged  by  Benjamin  Loewy, 
F.R.A.S.  With  236  Illustrations.  Post  8vo,  5-r.  cloth. 
"  For  those  '  who  desire  to  attain  an  accurate  knowledge  of  physical  science  with- 
out the  profound  methods  of  mathematical  investigation,'  this  work  is  not  merely  in- 
tended, but  well  adapted." — Chemical  News. 

THE  HANDBOOK  OF  HEAT.  Edited  and  almost  entirely 
Rewritten  by  Benjamin  Loewy,  F.R.A.S.,  etc.  117  Illustra- 
tions.   Post  8vo,  6s.  cloth. 

"  The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving 
any  cloudiness  or  lurking  doubts  behind." — Engineering. 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  Olver  Harding,  B.A.  298  Illustrations.  Post  Svo,  $s.  cloth. 

"  Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately 
illustrated. "—Mechanics'  Magazine. 

THE  PIANDBOOK  OF  ELECTRICITY,  MAGNETISM,  and 
ACOUSTICS.  New  Edition.  Edited  by  Geo.  Carey  Foster, 
B.A.,  F.C.S.   With  400  Illustrations.    Post  Svo,  $s.  cloth. 

"  The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve 
the  terse  and  lucid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his 
work  to  the  present  state  of  scientific  knowledge." — Popular  Science  Review. 

Dr.  Lardner  s  Handbook  of  Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  Forming  a  Com- 
panion to  the  "Handbooks  of  Natural  Philosophy."  By  Diony- 
Sius  Lardner,  D.C.L.  Fourth  Edition.  Revised  and  Edited  by 
Edwin  Dunkin,  F.  R.S.,  Royal  Observatory,  Greenwich.  With 
38  Plates  and  upwards  of  100  Woodcuts.  In  1  vol.,  small  Svo, 
550  pages,  gs.  6<L,  cloth. 

"  Probably  no  other  book  contains  the  same  amount  of  information  in  so  com- 
pendious and  well-arranged  a  form — certainly  none  at  the  price  at  which  this  is 
offered  to  the  public." — A  theuieum. 

"  We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astro- 
nomy, and  we  strongly  recommend  it  to  all  who  wish  to  acquire  a  general — but  at 
the  same  time  correct — acquaintance- with  this  sublime  science." — Quarterly  Journal 
0/  Science. 

Dr.  Lardners  Handbook  of  Animal  Physics. 

THE   HANDBOOK  OF    ANIMAL   PHYSICS.     By  Dr. 
Lardner.    With  520  Illustrations.    New  edition,  small  Svo, 
cloth,  732  pages,  Js.  6d. 
'■  We  have  no  hesitation  in  cordially  recommending  it."— Educational  Times. 
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Dr.  Lardner  s  School  Handbooks. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  Dr.  Lardner. 

328  Illustrations.     Sixth  Edition.    I  vol.  y.  6d.  cloth. 
"  Conveys,  in  clear  and  precise  terms,  general  notions  of  all  the  principal  divisions 
of  Physical  Science."— British  Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.  By  Dr.  Lardner. 

With  190  Illustrations.    Second  Edition.    I  vol.  y.  6rf.  cloth. 
"Clearly  written, well  arranged,  and  excellently  illustrated."— Gardeners' Chronicle. 

Dr.  Lardner  s  Electric  Telegraph. 

THE  ELECTRIC  TELEGRAPH.    By  Dr.  Lardner.  New 
Edition.    Revised  and  Re-written,  by  E.  B.  Bright,  F.R.A.S. 
140  Illustrations.    Small  8vo,  2s.  6d.  cloth. 
"One  of  the  most  readable  books  extant  on  the  Electric  Telegraph."— Er.£.  Mecluimc. 

Mollusc  a. 

A  MANUAL  OF  THE  MOLLUSCA  ;  being  a  Treatise  on 
Recent  and  Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S. 
With  Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  numer- 
ous Plates  and  300  Woodcuts.    3rd  Edition.  Cr.  8vo,  js.  6d.  cloth. 

Geology  and  Genesis. 

THE  TWIN  RECORDS  OF  CREATION  ;  or,  Geology  and 
Genesis,  their  Perfect  Harmony  and  Wonderful  Concord.  By 
George  W.  Victor  leVaux.  Fcap.  8vo,  5*.  cloth. 

"A  valuable  contribution  to  the  evidences  of  revelation,  and  disposes  very  conclu- 
sively of  the  arguments  of  those  who  would  set  God's  Works  against  God is  \\  ord. 
No  real  difficulty  is  shirked,  and  no  sophistry  is  left  unexposed."—  The  Rock. 

Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT  ;  being  a  Series  of  Essays  on— I. 
Alleged  Discrepancies  ;  2.  The  Theory  of  the  Geologists  and 
Figure  of  the  Earth  ;  3.  The  Mosaic  Cosmogony  ;  4.  Miracles  in 
general— Views  of  Hume  and  Powell ;  5.  The  Miracle  of  Joshua- 
Views  of  Dr.  Colenso,  &c.  By  Prof.  J.  R.  Young.   Fcap.  5j.  cloth. 

Geolooy. 

A  CLASS-BOOK  OF  GEOLOGY:  Consisting  of  "Physical 
Geology,"  which  sets  forth  the  Leading  Principles  of  the  Science  ; 
and  "Historical  Geology,"  which  treats  of  the  Mineral  and  Organic 
Conditions  of  the  Earth  at  each  successive  epoch,  especial  reference 
being  made  to  the  British  Series  of  Rocks.  By  RAi.ru  Tate. 
With  more  than  250  Illustrations.    Fcap.  Svo,  $s.  cloth. 

Practical  Philosophy. 

A  SYNOPSIS  OF  PRACTICAL  PHILOSOPHY.  By  Rev. 
John  Cark,  M.A.,  late  Fellow  of  Trin.  Coll.,  Camb.    iSmo,  5*.  cl. 

Pictures  and  Painters. 

THE  PICTURE  AMATEUR'S  HANDBOOK  AND  DIC- 
TIONARY OF  PAINTERS:  A  Guide  for  Visitors  to  Picture 
Galleries,  and  for  Art-Students,  including  methods  of  Painting, 
Cleaning,  Re-Lining,  and  Restoring,  Principal  Schools  of  Painting, 
Copyists  and  Imitators.  By  PHILIPPE  Daryl,  B.  A.  Cr.8vo.3j.6rf.cl. 
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Clocks,  Watches,  and  Bells. 

RUDIMENTARY  TREATISE  on  CLOCKS,  and  WATCHES, 
and  BELLS.    By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C., 
F.R.A.S.     Seventh  Edition,  revised  and  enlarged.     Limp  cloth 
. <  -riN°L'  67 '  Weale's  Series),  4s.  6d. ;  cl.  bds.  $s.  6d.      '   \Just  published. 
The  best  work  on  the  subject  probably  extant.    The  treatise  on  bells  is  un- 
doubtedly the  best  in  the  language." — Engineering. 

"The  only  modern  treatise  on  clock-making."—  Horological  Journal. 

The  Construction  of  the  Organ. 

PRACTICAL  ORGAN-BUILDING.  By  W.  E.  Dickson, 
M.  A.,  Precentor  of  Ely  Cathedral.  Second  Edition,  revised,  with 
Additions.     1 2mo,  3.C  cloth  boards.  [J„sl published. 

In  many  respects  the  book  is  the  best  that  has  yet  appeared  on  the  subiect  We 
cordially  recommend  it."  -English  Mechanic. 

"The  amateur  builder  will  find  in  this  book  all  that  is  necessary  to  enable  him 
personally  to  construct  a  perfect  organ  with  his  own  hands."— Academy. 

Brewing: 

A  HANDBOOK  FOR  YOUNG  BREWERS.  By  Herbert 
Edwards  Wright,  B.A.    Crown  8vo,  3s.  6d.  cloth. 

"A  thoroughly  scientific  treatise  in  popular  language."— Morning  Advertiser 
We  would  particularly  recommend  teachers  of  the  art  to  place 'it  in  every  pupil's 
hands,  and  we  feel  sure  its  perusal  will  be  attended  with  advantage."— Brewer. 

Dye-  Wares  and  Colours. 

THE  MANUAL  of  COLOURS  and  DYE-WARES :  their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.  By  T. 
W.  Slater.  Second  Edition.  Re-written  and  Enlarged.  Crown 
Svo,  7s.  6d.  cloth.  [jusi polished. 

Grammar  of  Colouring. 

A  GRAMMAR  OF  COLOURING,  applied  to  Decorative 
Painting  and  the  Arts.  By  George  Field.  New  edition.  By 
Ellis  A.  Davidson.    i2mo,  31.  6d.  cloth. 

Woods  and  Marbles  {Imitation  of). 

SCHOOL  OF  PAINTING  FOR  THE    IMITATION  OF 
WOODS  AND  MARBLES,  as  Taught  and  Practised  by  A  R 
and  P.  Van  der  Burg.    With  24  full-size  Coloured  Plates  ;  also 
12  Tlain  Plates,  comprising  154  Figures.    Folio,  2l.  12s.  6d.  bound. 

The  Military  Sciences. 

AIDE-MEMOIRE  to  the  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corps  of 
Royal  Engineers.  2nd  Edition,  revised  ;  nearly  350  Engravings 
and  many  hundred  Woodcuts.    3  vols,  royal  Svo,  cloth,  4/.  icw. 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY  MINING,  and  RECON- 
NOITRING. By  Colonel  I.  S.  Macaulay,  late  Professor  of 
Fortification  In  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
Ovo,  cloth,  with  separate  Atlas  of  12  Plates,  \2s.  complete. 
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Delamotte 's  Works  on  Illumination  &  Alphabets. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION  ;  for  the 
use  of  Beginners  :  with  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  Dela- 
motte. Small  4to,  9-f.  Elegantly  bound,  cloth  antique. 
"The  examples  of  ancient  MSS.  recommended  to  the  student  which  with  much 

good  sense  the  author  chooses  from  collections  accessible  to  all,  are  selected  with 

judgment  and  knowledge,  as  well  as  taste."— Athenceum. 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIEVAL  ; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  German,  Italian,  Arabesque,  Initials,  Monograms 
Crosses,  &c.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo, 
oblong,  2s.  6d.  ornamental  boards. 
"  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop 

legends  over  shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the 

Decalogue,  this  book  will  be  useful."—  A  tlienteum. 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL ;  including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand  Engrossing,  Tuscan 
Riband,  Gothic,  Rustic,  and  Arabesque,  &c,  &c.  Collected  and 
en°-raved  by  F.  Delamotte,  and  printed  in  Colours.  New  and 
Cheaper  Edition.  Royal  8vo,  oblong,  2s.  6d.  ornamental  boards. 
•<  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet 

and  numerals  can  be  formed. "Standard.  , . .  . » 

MEDIEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS By  F.  Delamotte.  Containing  21  Hates,  and 
Illuminated  Title,  printed  in  Gold  and  Colours.  With  an  Intro- 
duction by  J.  Willis  Brooks.    Small  4to,  6s.  cloth  gilt. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN  ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Medieval  and  Modem  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.    Oblong  royal  8vo,  is.  6d.  ornamental  wrapper. 

Wood-C awing. 

INSTRUCTIONS  In  WOOD-CARVING,  for  Amateurs ;  with 
Hints  on  Design.    By  A  Lady.    In  emblematic  wrapper,  hand- 
somely  printed,  with  Ten  large  Plates,  is.  6d. 
"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt 
from  'A  Lady's'  publication."— A thenaiim. 

Popular  Work  on  Painting. 

PATNTING  POPULARLY  EXPLAINED ;  with  Historical 
Sketches  of  the  Progress  of  the  Art.  By  Thomas  John  Gullick 
Painter,  and  John  Timbs,  F.S.A.  Fourth  Edition,  revised  and 
enlarged.  With  Frontispiece  and  Vignette.  In  smalLSvo  y.  W.  doth. 

V  This  Work  has  been  adopted  as  a  Prr.e-book  m  the  Schools  oj 
Art  at  South  Kensington.  „„,.„„ 

from Vhe  careful  perusal  of  this  unpretending  but  comprehensive  treatise.  -A  rt  Jour^l. 
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AGRICULTURE,  GARDENING,  ETC. 

Youatt  and  Btirris  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry. 
By  William  Youatt,  Esq.,  V.S.  12th  Edition,  very  con- 
siderably enlarged,  and  brought  up  to  the  present  requirements  of 
agricultural  practice.  By  Robert  Scott  Burn.  One  large  8vo. 
volume,  860  pp.  with  244  Illustrations,  il.  is.  half-bound. 

"  The  standard  and  text-book,  with  the  farmer  and  grazier." — Farmer's  Magazine. 

"  A  treatise  which  will  remain  a  standard  work  on  the  subject  as  long  as  British 
agriculture  endures." — Mark  Lane  Expicss. 

History,  Structure,  and  Diseases  of  Sheep. 

SHEEP  ;  THE  HISTORY,  STRUCTURE,  ECONOMY, 
AND  DISEASES  OF.  By  W.  C.  Spooner,  M.R.V.C.,  &c. 
Fourth  Edition,  with  fine  engravings,  including  specimens  of  New 
and  Improved  Breeds.    366  pp.,  \s.  cloth. 

Production  of  Meat. 

MEAT  PRODUCTION.  A  Manual  for  Producers,  Distributors, 
and  Consumers  of  Butchers'  Meat.  Being  a  treatise  on  means  of 
increasing  its  Home  Production.  Also  treating  of  the  Breeding, 
Rearing,  Fattening,  and  Slaughtering  of  Meat-yielding  Live  Stock  ; 
Indications  of  the  Quality,  etc.  By  John  Ewart.  Cr.  Svo,  $s.  cloth. 
"  A  compact  and  handy  volume  on  the  meat  question,  which  deserves  serious  and 
thoughtful  consideration  at  the  present  time."— Meat  and  Provision  Trades'  Review. 

Donaldson  and  Bum's  Sitdurdan  Farming. 

SUBURBAN  FARMING.  A  Treatise  on  the  Laying  Out  and 
Cultivation  of  Farms  adapted  to  the  produce  of  Milk,  Butter  and 
Cheese,  Eggs,  Poultry,  and  Pigs.  By  the  late  Professor  John 
Donaldson.  With  Additions,  Illustrating  the  more  Modern  Prac- 
tice, byR.  Scott  Burn.    i2mo,  4^.  cloth  boards. 

English  Agriculture. 

THE  FIELDS  OF  GREAT  BRITAIN.  A  Text-book  of 
Agriculture,  adapted  to  the  Syllabus  of  the  Science  and  Art 
Department.  For  Elementary  and  Advanced  Students  By 
Hugh  Clements  (Board  of  Trade).  With  an  Introduction  by 
II.  Kains-Jackson.    i8mo,  2s.  6d.  cloth. 

"  A  clearly  written  description  of  the  ordinary  routine  of  English  farm-life."— Land. 
A  carefully  written  text-book  of  Agriculture."— Athemnim.  [Economist. 
A  most  comprehensive  volume,  giving  a  mass  of  information." — Agricultural 

Modem  Farming. 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils,  Manures,  and  Crops — Farming  and  Farming  Economy- 
Cattle,  Sheep,  and  Horses— Management  of  the  Dairy,  Pigs,  and 
Poultry— Utilisation  of  Town  Sewage,  Irrigation,  &c.  New  Edition. 
In  1  vol.  1250  pp.,  half-bound,  profusely  illustrated,  I2J-. 
"  There  is  sufficient  stated  within  the  limits  of  this  treatise  to  prevent  a  farmer 
from  going  far  wrong  in  any  of  his  operations."  Observer. 
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The  Management  of  Estates. 

LANDED  ESTATES  MANAGEMENT:  Treating  of  the 
Varieties  of  Lands,  Methods  of  Farming,  Farm  Building,  Irrigation, 
Drainage,  &c.    By  R.  Scott  Burn.    121110,  2s-  cloth. 

"  A  complete  and  comprehensive  outline  of  the  duties  appertaining  to  the  manage- 
ment of  landed  estates."' — Journal  0/ Forestry. 

The  Management  of  Farms. 

OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organiza- 
tion of  Farm  Labour.  Treating  of  the  General  Work  of  the  Farm, 
Field,  and  Live  Stock,  Details  of  Contract  Work,  Specialties  of 
Labour,  Economical  Management  of  the  Farmhouse  and  Cottage, 
Domestic  Animals,  &c.    By  Robert  Scott  Burn.    121110,  2s- 

Management  of  Estates  and  Farms. 

LANDED  ESTATES  AND  FARM  MANAGEMENT.  By 
R.  Scott  Burn.    (The  above  Two  Works  in  One  Vol.)  6s. 

Htidson 's  Tables  for  Land  Valuers. 

THE  LAND  VALUER'S  BEST  ASSISTANT:  being  Tables, 
on  a  very  much  improved  Plan,  for  Calculating  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial 
Customary  Acres  to  Statute  Measure,  &c.  By  R.  Hudson,  C.  E. 
New  Edition,  royal  321110,  leather,  gilt  edges,  elastic  band,  4s. 

E wart's  Land  Improver  s  Pocket-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FOR- 
MULAE, TABLES,  and  MEMORANDA,  required  in  any  Com- 
putation relating  to  the  Permanent  Improvement  of  Landed  Pro- 
perty.   By  John  Ewart,  Land  Surveyor.    321110,  leather,  4s. 

Complete  Agricultural  Surveyor's  Pocket-Book. 

THE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE POCKET-BOOK  ;  consisting  of  the  above  two  works 
bound  together,  leather,  gilt  edges,  with  strap,  Js.  6</. 
"We  consider  Hudson's  book  to  be  the  best  ready-reckoner  on  matters  relating  to 
the  valuation  of  land  and  crops  we  have  ever  seen,  and  its  combination  with  Mr. 
Evvart's  work  greatly  enhances  the  value  and  usefulness  of  the  latter-mentioned. — 
It  is  most  useful  as  a  manual  for  reference." — North  0/  England  Farmer. 

Grafting  and  Budding. 

THE  ART  OF  GRAFTING  AND  BUDDING.  By  Charles 
Baltet.  Translated  from  the  French.  With  upwards  of  1S0 
Illustrations.    121110,  35.  cloth  boards.  \Just published. 

Culture  of  Fruit  Trees. 

FRUIT  TREES,  the  Scientific  and  Profitable  Culture  of.  In- 
cluding Choice  of  Trees,  Planting,  Grafting,  Training,  Restoration 
of  Unfruitful  Trees,  &c.  From  the  French  of  Du  Breuie.  Third 
Edition,  revised.  With  an  In  hod  net  inn  by  G  EORGE  GLENNY.  4s. c\. 
"  The  book  leaches  how  to  prune  and  train  fruit-trees  to  perfection."-  Field. 

Potato  Culture. 

POTATOES,  HOW  TO  GROW  AND  SHOW  THEM.  A 
Practical  Guide  to  the  Cultivation  and  Gcncr.il  Treatment  of  the 
Potato.    By  James  Pink.    With  Illustrations,    Cr.  8yo,  2s.  cL 
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Good  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING ;   or,  How  to 
Grow  Vegetables,  Fruits,  and  Flowers.    With  Practical  Notes  on 
Soils,   Manures,    Seeds,   Planting,  Laying-out   of  Gardens  and 
(<  Grounds,  &c.     By  S.  Wood.    Third  Edition.  Cr.  8vo,  5-r.  cloth. 

A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide. 
I  he  practical  directions  are  excellent.'-— AtheniEum. 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  or,  How  to  make  One 
Acre  of  Land  produce  ,£620  a  year,  by  the  Cultivation  of  Fruits 
and  Vegetables;  also,  How  to  Grow  Flowers  in  Three  Glass 
Houses,  so  as  to  realise  ^176  per  annum  clear  Profit.  By  Samuel 
Wood.    3rd  Edition,  revised.    Cr.  8vo,  2s.  cloth. 

'  We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  an  1 
gentleman  s  gardener,  but  to  the  market  grower."— Gardeners  Magazine. 

Gardening  for  Ladies. 

THE  LADIES' MULTUM-IN-PARVO  FLOWER  GARDEN 
and  Amateur's  Complete  Guide.    By  S.  Wood.    Cr.  Svo,  y.  6d. 

Bulb  Culture. 

THE  BULB  GARDEN,  or,  How  to  Cultivate  Bulbous  and 
Tuberous-rooted  Flowering  Plants  to  Perfection.  By  Samuel 
\\  ood.    Coloured  Plates.    Crown  Svo,  y.  6d.  cloth. 

Tree  Planting. 

THE   TREE  PLANTER  AND  PLANT  PROPAGATOR- 
A  1  radical  Manual  on  the  Propagation  of  Forest  Trees  Fruit 
Trees,  Flowering  Shrubs,   Flowering  Plants,   Pot    Plerb's  &c 
Numerous  Illustrations.    By  Samuel  Wood.   i2mo,  2s.  6d.  cloth. 

free  Pruning. 

THE  TREE  PRUNER  :  A  Practical  Manual  on  the  Pruning  of 
bnM Trees,  their  Training  and  Renovation;  also  the  Prunira  0f 
-Shrubs,  Climbers,  &c.    By  S.  Wood.     i2mo,  2s.  6d.  cloth. 

T ree  Planting,  Pruning,  &  Plant  Propagation. 

THE  TREE  PLANTER,  PROPAGATOR,  AND  PRUNER 
By  Samuel  Wood  Author  of  "  Good  Gardening,''  &c.  Consisting 
ol  the  above  Two  Works  111  One  Vol.,  $s.  half-bound. 

Early  Fruits,  Flowers  and  Vegetables 

THE  FORCING  GARDEN:  or,  HowTo  Grow  Early  Fruits 
Flowers,  and  Vegetables.    With  Plans  and  Estimates  for  Building 
Glasshouses,  Ptts,  Frames,  Sec.   By  S.  Wood.  Crown  Svo,  3r  6d. 

Market  Gardening,  Etc. 

THE  KITCHEN  AND  MARKET  GARDEN.  By  Con- 
tributors to  "  J  he  Garden."  Compiled  by  C.  W.  S HAW  Editor 
of  "Gardening  Illustrated."  i2mo,  3*.  6d.  cl.  bds.    [Just published. 

Kitchen  Gardening. 

KITCHEN  GARDENING  MADE  EASY.  Showing  how  to 
prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every 
known  Vegetable  and  Herb,  etc.  By  G.  M.  F.  Glenn Y.  i2mo,  2/ 


32    WORKS  PUBLISHED  BY  CROSBY  LOCKWOOD  &  CO. 

(A  Complete  Epitome  of  the  Laws  of  this  Country' 

EVERY  MAN'S  OWN  LAWYER;  a  Handy-Book  of  the  Prin- 
ciples of  Law  and  Equity.  By  A  Barrister.  New  Edition. 
Corrected  to  the  end  of  last  Session.  Embracing  upwards  of 
3,500  Statements  on  Points  of  Law,  Verified  by  the  addition  ol 
Notes  and  References  to  the  Authorities.  Crown  8vo,  cloth, 
price  6s.  &J.  (saved  at  every  consultation). 

COMPRISING  THE  RIGHTS  AND  WRONGS  OF  INDIVIDUALS,  MERCANTILE 
AND  COMMERCIAL  LAW,  CRIMINAL  LAW,  PARISH  LAW,  COUNTY  COURT 
LAW,  GAME  AND  FISHERY  LAWS,  POOR  MEN'S  LAW,  THE  LAWS  OF 


Bankruptcy— Bills  of  Exchange 
Contracts  and   Agreements— Copy- 
right—Dower   and    Divorce— Elec- 
tions and  Registration— Insurance 
—Libel  and  Slander— Mortgages- 


Settlements—  Stock  Exchange  Prac- 
xice_Trade  Marks  and  Patents — 
Trespass,  Nuisances,  etc.— Transfer 
of  Land,  etc. — Warranty  — Wills 
and  Agreements,  etc. 


Also  Law  for  Landlord  and  Tenant—  ,  -Friendly  Societies— Clergymen,  Lhurcn- 
Master  and  Servant- Workmen  and  Ap-    wardens— Medical    Practitioners,   ice  — 
prentices-Heirs,  Devisees,    and    Lega-  ,  Bankers-  Farmers  -  Contractors-Stock 
tees  —  Husband  and  Wire  -  Executors    and  Share  Brokers— Sportsmen  and  Game- 
and   Trustees  -  Guardian  and  Ward  -    keepers-Farriers   and  Horse-Dealers- 
Married  Women  and   Infants-Partners    Auctioneers  House-Agents-Innkeepers, 
and   Agents  -  Lender  and  Borrower  -    &c-  Pawnbrokers  -  Surveyors  -  KaU- 
Debtor   and   Creditor  —  Purchaser  and    ways  and  Carriers,  &c,  to;. 
Vendor  —  Companies  and  Associations  _ 
"  No  Englishman  ought  to  be  without  this  book.  —Engineer. 
"  What  it  professes  to  be— a  complete  epitome  of  the  laws  of  this  country,  thoroughly 
intelligible  to  non-professional  readers.  The  book  is  a  handy  one  to  have  in  readiness 
when  some  knotty  point  requires  readv  solution."— Bell's  Life. 
"  A  useful  and  concise  epitome  of  the  law.  —Law  Magazine. 

Auctioneers  Assistant. 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 
AND  ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases,  Annuities,  and  Reversions,  and  of  property  generally ; 
with  Prices  for  Inventories,  &c.  By  John  Wheeler,  Valuer,  &c. 
Fourth  Edition,  enlarged,  by  C.  Norris.  Royal  321110,  cloth,  $s. 
•'  A  concise  book  of  reference,  containing  a  clearly- arranged  list^of  prices  for 
inventories,  a  practical  guide  to  determine  the  value  of  furniture,  &c.  -Standard. 

Aiictionecrina;. 

AUCTIONEERS  :  THEIR  DUTIES  AND  LIABILITIES. 
Bv  Robert  Squibrs,  Auctioneer.    Demy  Svo,  \os.  bd.  cloth. 

"  Every  auctioneer  and  valuer  ought  to  possess  a  copy  of  this  ^^^^ 

House  Property.  ' 

HANDBOOK  OF  HOUSE  PROPERTY  :  a  Popular  and  Prac- 
tical Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory 
Sale  of  Houses  and  Land  ;  including  the  Law  of  Dilapidations  and 
Fixtures,  &c.  By  E.  L.  Takhuck.  2nd  Edit.  121110,  3*.  M.  cloth. 

'We  arc  elaJ  lo  be  able  to  recommend  iu"— Builder. 
"The  advice  is  thoroughly  practical."— Law  Journal. 

Metropolitan  Rating. 

METROPOLITAN  RATING  :  a  Summary  of  the  Appeals 
heard  before  tbe  Court  of  General- Assessment  Sessions  at  West- 
minster, in  the  years  1S71  So  inclusive.  Containing  a  large  marf 
of  very  valuable  information  with  respect  to  the  Rating  of  Rail- 
ways, Gas  and  Waterworks,  Tramways,  Wharves,  Public  Houses 
&C.    By  Edward  and  A.  L.  Ryde.  Svo,  12.V.  Gd. 

flrndlmrr,  A^ncw,  4.  Co.,  r-rlnten,  v,  httefrtaii,  UuU.ro. 


PHILADELPHIA,  1876. 
THE   PRIZE  MEDAL 

Was  awarded  to  the  Publishers  for 

Books :  Eudinientary,  Scientific, 

"WEALE'S  SERIES,"  ETC. 

A  NEW  LIST  OF 

WEALE'S  SERIES 

RUDIMENTARY  SCIENTIFIC,  EDUCATIONAL 
AND  CLASSICAL. 

Comprising  nearly  Three  Hundred  and  Fifty  distinct  innrt,  in  almost  every  de- 
partment of  Science,  Art,  and  Education,  recommended  to  the  notice  of  Engineers 
Architects,  Builders,  Artisans,  and  Students  generally,  as  well  as  to  those  interested 
'"  w°r>""en's  Libraries,  Literary  and  Scientific  Institutions,  Colleges.  Schools, 
Science  Classes,  &»c,  <5w.  ' 


tS=  WEALE  S  SERIES  includes  Text-Books  on  almost  every  branch  of 
Science  and  Industry,  comprising  such  subjects  as  Agriculture,  Architecture 
and  Building  Civil  Engineering,  Fine  Arts,  Mechanics  and  Mechanical 
Engineering  Physical  and  Chemical  Science,  and  many  miscellaneous 
i  realises.  The  whole  are  constantly  undergoing  revision,  and  new  editions, 
Drought  up  to  the  latest  discoveries  in  scientific  research,  are  constantly 
.ssued  The  prices  at  which  they  are  sold  are  as  low  as  their  excellence  is 
issured.  — American  Literary  Gazette. 

"  Amongst  the  literature  of  technical  education,  Weale's  Series  has  ever 
snjoyed  a  high  reputation,  and  the  additions  being  made  by  Messrs.  Crosby 
Lockwood  &  Co.  render  the  series  even  more  complete,  and  bring  the  infor- 
?o«f°«a?UPOD         several  subjects  down  to  the  present  time."— Mining 

"  It  is  impossible  to  do  otherwise  than  bear  testimony  to  the  value  of 
,Veale  s  Series."— Engineer. 

"  Everybody— even  that  outrageous  nuisance  'Every  Schoolboy '—knows 
he  merits  ol  •  Weale's  Rudimentary  Series.'  Any  persons  wishing  to 
Lcquire  knowledge  cannot  do  better  than  look  through  Weale's  Series  and 
|8t  all  the  books  they  require.  The  Series  is  indeed  an  inexhaustible  mine 
if  literary  wealth."— The  Metropolitan. 

"  WEALE'S  SERIES  has  become  a  standard  as  well  as  an  unrivalled 
ollection  of  treatises  in  all  branches  of  art  and  science."— Public  Opinion. 


LONDON,  1862. 
THE  PRIZE  MEDAL 

Was  awarded  to  the  PubJishers  of 

"WEALE'S  SERIES." 


CROSBY   LOCKWOOD   &  CO., 

7,  STATIONERS'  HALL  COURT,  LUDGATE  HILL,  LONDON,  E.C. 
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WEALE  S  RUDIMENTARY  SERIES. 


WEALE'S  RUDIMENTARY  SCIENTIFIC  SERIES. 


*„*  The  volumes  of  this  Series  are  freely  Illustrated  with 
Woodcuts,  or  otherwise,  where  requisite.  Throughout  the  fol- 
lowing List  it  must  be  understood  that  the  books  are  bound  in 
limp  cloth,  unless  otherwise  stated;  but  the  volumes  marked, 
with  a  %  may  also  be  had  strongly  bound  in  cloth  boards  for  6d. 
extra. 

N.B. — In  'ordering  frorn  this  List  it  is  recommended,  as  a 
means  of  facilitating  business  and  obviating  error,  to  quote  the 
numbers  affixed  to  the  volumes,  as  well  as  the  titles  and  prices. 


No     ARCHITECTURE,  BUILDING,  ETC. 

16. '  ARCHITECTURE—  ORDERS— The  Orders  and  their  .Esthetic 

Principles.    By  W.  H.  Leeds.    Illustrated,    is.  6d. 

17.  ARCHITECTURE— STYLES— -The  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  the 
Present  Period.    By  T.  Talbot  Bury,  F.R.I. B.A.,  &c.  _  Illustrated,  zs. 
***  Orders  and  Styles  of  Architecture,  in  One  Vol.,  3s.  6d. 

18.  ARCHITECTURE— DESIGN— The  Principles   of  Design  in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  By  E.L.  Garbett,  Architect.  Illustrated.  2s. 6d. 
•«*  The  three  preceding  Works,  in  One  handsome  Vol.,  half  bound,  entitled 
"  Modern  Architecture,"  price  6s. 

22.  THE  ART  OF  BUILDING,  Rudiments  of.    General  Principles 

of  Construction,  Materials  used  in  Building,  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.    By  E.  Dobson,  2s.t 

23.  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac- 

ture of;  containing  an  Outline  of  the  Principles  of  Brickmaking.    By  Edw. 
•  I  Dobson,  M.R.I.B.A.  With  Additions  by  C.  Tomlinsox,  F.R.S.  Illustrated,  3s.! 

25.  MASONRY  AND  STONE  CUTTING ;  in  which  the  Principles 

of  Masonic  Projection  and  their  application  to  the  Construction  of  Curved 
.'.  Wing-Walls,  Domes,  Oblique  Bridges,  and  Roman  and  Gothic  Vaulting, 
are  explained.  By  Edward  Dobson,  M.R.I.B.A.,  &c.    2s.  6d.* 

44.  FOUNDATIONS  AND  CONCRETE  WORKS,  a  Rudimentary 

Treatise  on  ;  containing  a  Synopsis  of  the  principal  cases  of  Foundation 
Works,  with  the  usual  Modes  of  Treatment,  and  Practical  Remarks  on 
Footings,  Planking,  Sand,  Concrete,  Beton,  Pilc-dnving,  Caissons,  and 
Cofferdams.  By  E.  Dobson,  M.R.I.B.A.,  &c.  Fifth  Edition,  revised,  is.  6d. 
42.  COTTAGE  BUILDING.    By  C.  Bruce  Allen,  Architect. 

Ninth  Edition,  revised  and  enlarged.    Numerous  Illustrations,    is.  6d. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  8cc.   By  G.  R.  Burnell,  C.E.   Twelfth  Edition,    is.  6d. 
57    WARMING  AND  VENTILATION,  a  Rudimentary  Treatise 
on  ;  being  a  concise  Exposition  of  the  General  Principles  nf  the  Art  oH\  ann- 
!  ing  and  Ventilating  Domestic  and  Public  Buildings,  Mines,  Lighthouses, 
'   '  Ships,  &c.    By  Charles  Tomlinson,  F.R.S.,  &c.    Illustrated.  3s. 
8}**.  CONSTRUCTION  OF  DOOR  LOCKS.     Compiled  from  the 
Papers  of  A.  C.  Houbs,  Esq.,  of  New  York,  and  Edited  by  Charles i  Toifl 
linson,  F.R.S.   To  which  is  added,  .1  Description  of  Fenby  s  Patent  Locks, 
and  a  Note  upon  Ikon  Safes  by  Robert  Mallbt,  M.I.C.E.    UIus.   2s.  oa. 
in.  ARCHES,  PIERS,  BUTTRESSES,  &c:  Experimental  Essays 

on  the  Principles  of  Construction  in  :  made  with  a  view  to  their  being  uselul 
to  the  Practical  Builder.    By  William  Bland.    Illustrated,    is.  od. 

116.  THE  ACOUSTICS    OF  PUBLIC   BUILDINGS;    or,  The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the  Architect  and 
Builder.   By  T.  Roger  Smith,  M.R.I.B.A.,  Architect.   Illustrated.   is.  M. 

83T  The  X  indicates  that  these  vols,  may  br  had  strongly  bound  at  6d.  extra.  _ 
LONDON  :  CROSKY  LOCKWOOD  AND  CO., 
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Architecture,  Building,  etc.,  continued. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  Richardson,  Architect.   Illustrated,    is.  6d. 

1 28.  VITRUVIUS—THE    ARCHITECTURE     OF  MARCUS 

VITRUVIUS  POLLO.  In  Ten  Books.  Translated  from  the  Latin  by 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.   With  23  Plates.  5s. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in  ;  with  an  Historical  View  of  the  Riso  and  Progress  of  the  Art  in 
Greece.    By  the  Earl  of  Aberdeen,  is. 
*«*  The  t-jio preceding  Works  in  One  handsome  Vol.,  half  bound,  eniiiled  "Ancient 
Architecture,"  price  6s. 

132.  DWELLING-HOUSES,  a  Rudimentary  Treatise  on  the  Erection 
of..  Illustrated  by  a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a 
pair  of  Semi-detached  Villas,  with  the  Specification,  Quantities,  and  Esti- 
mates, and  every  requisite  detail,  in  sequence,  for  their  Construction  and 
Finishing.  By  S.  H.  Brooks,  Architect.  New  Edition,  with  Plates.   2s.  6d.t 

156.  QUANTITIES  AND  MEASUREMENTS,  How  to  Calculate  and 
Take  them  in  Bricklayers',  Masons',  Plasterers',  Plumbers',  Painters',  Paper- 
hangers',  Gilders',  Smiths',  .Carpenters',  and  Joiners'  Work.  By  A.  C. 
Beaton,  Architect  and  Surveyor.  New  and  Enlarged  Edition.  Illus.   is.  6d. 

175.  LOCK  WOOD  r>  CO.'S  BUILDER'S  AND  CONTRACTOR'S 

PRICE  BOOK,  for  1883,  containing  the  latest  Prices  of  all  kinds  of  Builders' 
Materials  and  Labour,  and  of  all  Trades  connected  with  Building,  &c,  &c. 
Revised  and  Edited  by  F.  T.  W.  Miller,  Architect  and  Surveyor.  3s.  6d. ; 
half  bound,  4s.  [Just  published. 

182.  CARPENTRY  AND  JOINERY— The  Elementary  Prin- 
ciples of  Carfentrv.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Tredgold,  C.E-  With  Additions  from  the  Works  of  the  most 
Recent  Authorities,  and  a  TREATISE  ON  JOINERY  by  E.  Wyndham 
Tarn,  M.A.    Numerous  Illustrations.    3s.  6d.ij: 

182*.  CARPENTRY  AND  JOINERY.     ATLAS  0135  Plates  to 

accompany  the  above.  With  Descriptive  Letterpress.  4to.  6s. ;  cloth,  7s.  6d, 

187.  HINTS  TO  YOUNG  ARCHITECTS.    By  George  Wight- 

wick.  New,  Revised,  and  enlarged  Edition.  By  G.  Huskisson  Guillaume, 
Architect.     With  numerous  Woodcuts.   3s.  6d4 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING :  A  Practical  Manual  of,  containing  full  information  on  the 
Processes  of  House-Painting,  the  Formation  of  Letters  and  Practice  of 
Sign-Writing,  the  Principles  of  Decorative  Art,  a  Course  of  Elementary 
Drawing  for  House-Painters,  Writers,  Sec,  &c.  With  0  Coloured  Plates  of 
Woods  and  Marbles,  and  nearly  150  Wood  Engravings.  By  Ellis  A. 
Davidson.    Third  Edition,  revised.    5s.  cloth  limp  ;  6s.  cloth  boards. 

189.  THE  RUDIMENTS   OF  PRACTICAL  BRICKLAYING. 

In  Six  Sections  :  General  Principles;  Arch  Dra%ving,  Cutting,  and  Setting; 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastering;  Practical 
Geometry,  Mensuration,  Sec.    By  Adam  Hammond.    Illustrated,    is.  6d. 

191.  PLUMBING.    A  Text-Boole  to  the  Practice  of  the  Art  or  Craft  of 

the  Plumber.  With  Chapters  upon  House  Drainage,  embodying  the  latest 
Improvements.  Fourth  Edition,  revised  and  enlarged.  With  above  330 
Illustrations.    By  W.  P.  Buchan,  Sanitary  Engineer.   3s.  6d4 

[Just  published. 

192.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S, 

and  BUILDER'S  STANDARD  GUIDE;  comprising  copious  and  valu- 
able Memoranda  for  the  Retailer  and  Builder.  By  Richard  E.  Grandy. 
Second  Edition,  Revised.    35. t 

205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY.  By 

J.  G.  BADBNOCH.    Illustrated  with  12  full-page  Engravings  of  Examples,  is. 

206.  A  BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including 

Church  RESTORATION.  With  the  Theory  of  Domes  and  the  Great  Pyramid, 
Sc.  By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C.,  F.R.A.S.  Second  Edition, 
enlarged,  4s.  6d.$ 

f$S,T*  The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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a  rrhitprtnrp  Building,  etc.,  continued. 

^TTHE  jdrNTSMADE  AND  USED  BY  BUILDERS  in  the 

Construction  of  various  kinds  of  Engineering  and  Architectural  Works  (  A 
Practical  Treatise  on).  With  especial  reference  to  those  wrought  by  Arti- 
ficers in  Erecting  and  Finishing  Habitable  Structures.  By  WVVILL  J. 
Christy  Architect.    With  upwards  of  160  Engravings  on  Wood,  jjs.j 

n8    TIM  CONSTRUCTION  OF  ROOFS  OF  WOOD  AND  IRON 

(An  Elementary  Treatise  on).  Deduced  chiefly  from  the  Works  of  Robuon, 
lredgold,  and  Humber.  By  E.  Wvxdham  Tarn,  M. A.  Architect  With 
numerous  Illustrations,    is.  6d.  \Just  *ubltzhed. 

•"q   ELEMENTARY  DECORATION :   A  Guide  to  the  Simpler 

Forms  of  Everyday  Art,  as  applied  to  the  Interior  and  Exterior  Decoration 
ot  Dwelling-Houses,  &c.  By  JAMES  W.  FacEY,  Tun.  Illustrated  with 
Sixty-eight  explanatory  Engravings,  principally  lTOm^™Yubteled 
2T.0  II ANDR  AILING  (A  Practical  Treatise  on).  Showing  New  and 
J  '  Simple  Methods  for  finding  the  Pitch  of  the  Plank  Drawing  t he  M oulds, 
Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  George  C°lungs. 
Illustrated  with  Plates  and  Diagrams,    is.  6d.  &>tst  published. 

CIVIL  ENGINEERING,  ETC. 
219.  CIVIL   ENGINEERING.     By  Henry  Law,  M.Inst.  C.E. 

Including  a  Treatise  on  Hydraulic  Engineering  by  Geo.  R.  Burnell, 
M  Inst  C  E  Sixth  Edition,  revised,  with  Large  Additions  on  Recent 
Practice  in  Civil  Engineering,  by  D.  Kinnear  Clark,  M.Inst.  C.E., 
Author  of  "  Tramways  :  Their  Construction,"  &c.  6s.  6d.,  Cloth  boards,  7s.  6d. 

U    WELL  DIGGING,  BORING,  AND  PUMP-  WORK.  By  John 

George  Swindell,  A.R.I.B.A.  New  Edition  by  G  R.  Bl-rnell^C.E.  is.6d. 

3<.  THE  BLASTING  AND   QUARRYING   OF  STONE,  for 

Buildin"  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of  Bridges. 
By  Gen.  Sir  John  Burgoyne,  Bart.,  K.C.B.  Illustrated,  is.  6d. 
62  RAILWAY  CONSTRUCTION,  Elementary  and  Practical  In- 
structions on  the  Science  of.  By  Sir  M.  Stephenson,  C.E.  New  Ed,t,on 
bv  Edward  Nugent,  C.E.  With  Statistics  of  the  Capital,  Dividends,  and 
Working  of  Railways  in  the  United  Kingdom.  By  E  D  Chattaway.  4s. 

8o*.  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 

Treated  as  a  Means  of  Profitable  Employment  for  Capital.    \\  ith  Examples 
and  Particulars  of  actual  Embankments,  &c.    By  J.  Wiggins,  F.G.S.  2s. 
81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 

a  Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water ;  and  Details  of  Engines  and  Pumpin  g  Machinery 
for  raising  Water.    By  Samuel  Hughes,  F.G.S. ,  C.E.    New  Edition  .is.t 

117  SUBTERRANEOUS  SURVEYING,  an  Elementary  and  Prac- 

tical Treatise  on.  By  Thomas  Fenwick.  Also  the  Method  of  Conducting 
Subterraneous  Surveys  without  the  Use  of  the  Magnetic  Needle,  and  other 
Modern  Improvements.   By  Thomas  Baker,  C.E.  Illustrated.  ».6d4 

118  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 

of    Bv  David  Stevenson,  F.R.S.E.,  &c.   Plates  and  Diagrams.  3s. 

197.  ROADS  AND  STREETS  (THE  CONSTRUCTION  OF), 
in  two  Parts:  I.  The  Art  of  Constructing  Common  Roads,  by  Henry 
Law,  C.K.,  revised  bv  D.  K.  Clark,  C.E. :  II.  RECENT  Pract.ce  mclud.ng 
pavements  of  Stone,  Wood,  and  Aspbalto,  bv  O.K.  t  i.akk ..    :s  0.1.. 

2cn  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 

VILLAGES.  Comprising:— 1.  Some  of  the  more  Common  Forms  ol 
Nuisance  and  their  Remedies  ;  2.  Drainage  ;  3.  Water  Supply.   By  Charles 

2! 2  THE 'CONSTRUCTION  OF  GAS-WORKS,  and  the  Man... 
facture  and  Distribution  of  Coal  Gas.  Originally  written  by  SAMIIM. 
Hughes,  C.E.  Sixth  Edition,  re-wnttcn  and  much  Enlarged  by  >\  ILLtAM 
Richards,  C.E.  With  72  Illustrations.  45.  6d.t 
2n  PIONEER  ENGINEERING.  A.  IYeatise  on  the  Engineering 
Operations  connected  with  tho  Settlement  of  Waste  Lands  in  New  Coun- 
tries.   By  Edward  DonsON,  Assoc.  Inst.  C.l'..    4s.  6d.t  
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MECHANICAL  ENGINEERING,  ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raisin^ 

Heavy  Bodies.    By  Joseph  Glynn,  F.R.S.    Illustrated,    is.  6d.  " 

34.  THE  STEAM  ENGINE.  By  Dr.  Lardner.  Illustrated,  is.  6d. 
59.  STEAM  BOILERS :  their  Construction  and  Management  By 

R.  Armstrong,  C.E.    Illustrated,    is.  6d.  '  3 

67.  CLOCKS,  WATCHES,  AND  BELLS,  a  Rudimentary  Treatise 
on.  By  Sir  Edmund  Beckett,  LL.D..Q.C.  Seventh  Edition,  revised  and  en- 
larged, with  numerous  Illustrations.    4s.  6d.  cloth  limp ;  5s.  6d.  cloth  boards. 

82.  THE  POWER  OF  WATER,  as  applied  to  di^pfow  Mffls, 

and  to  give  motion  to  Turbines,  &c.    By  Joseph  Glvnn,  F.R.S.    2s  i 
gS.  PRACTICAL  MECHANISM,  the  Elements  of;  and  Machine 
.J°0>„By  T.  Baker,  C-E-   With  Additions  by  J.  Nasmyth,  C.E.   2s  6d.t 
139.  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theory 

r  ™tb  R"'es  and  Examples  for  Practical  Men.  By  T.  Baker,  C.E.   is.  6d. 

162.  THE  BRASS  FOUNDER'S    MANUAL;    Instructions  for 
Modelling,    Pattern-Making,    Moulding,    Turning,    Filing,  Burnishing 
a        Bronzing  &c.  A\  ith  copious  Receipts,  &c.    By  Walter  Graham.  2s.t 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Marine, 

Land,  and  Locomotive   Engines,  Floating   Docks,  Dredging  Machines 
r       r„ri???s'  fl?"es-  Ship-building,  &c,  &c.  By  T-  G.  Winton.  Illustrated.  3s.t 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action  of 
r,     tB??t r'JJ  tbe  Smeltlng:  Furnace.    By  J.  Armour,  C.E.     2s.  6d.i 
160.  POWER  IN  MOTION;  Horse-Power,  Toothed-Wheel  Gearing, 
rn°^",fnd„Siort  Driving  Bands,  and  Angular  Forces.  By  J.  Armour,  2s.6d.t 

167.  IRON  BRIDGES,    GIRDERS,    ROOFS,    AND  OTHER 

AVORKS.   By  Francis  Campin,  C.E.    2s.  6d  } 

171.  THE     WORKMAN'S    MANUAL     OF  ENGINEERING 

D£AW»ING-  By  J0HN  Maxton,  Engineer.  Fourth  Edition.  Illustrated 
with  7  Blates  and  nearly  3=;o  Woodcuts.  3s.  6d.t 

190.  STEAM   AND   THE    STEAM  ENGINE,  Stationary  and 

Portable.    Being  an  extension  of  Mr.  John  Sewell's  "  Treatise  on  Steam  " 
By  D  K.  Clark,  M.I. C.E.    Second  Edition,  revised.   3s.  6d.t 
200.  EUEL,  its  Combustion  and  Economy.     By  C.  W.  Williams, 

A.I.C.E.  With  extensive  additions  on  Recent  Practice  in  the  Combustion 
and  Economy  of  Fuel— Coal,  Coke,  Wood,  Peat,  Petroleum,  &c— bv  D  K 
Clark,  M.I.C.E.  2nd  Edition.   3s.6d.*  ' 
202.  LOCOMOTIVE  ENGINES.    By  G.  D.  Dempsey,  C.E. ;  will, 

large  additions  by  D.  Kinnear  Clark,  M.T.C.E.  is.i 
211.  THE  BOILERMAKER'S  ASSISTANT  in   Drawing  Tem- 

plating,  and  Calculating  Boiler  and  Tank  Work.    By  John  Courtney 
o  ,A     ,l/rrrrp?0(llert.MaAmEditd  by  D-  K'  ^ LARK,  C.E.    ioo  Illustrations.  2s 

216.  MATERIALS  AND  CONSTRUCTION ;   A  Theoretical  and 

Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  Works  of  Con- 
struction. By  Francis  Campin,  C.E.    3s  t 

217.  SEWING  MACHINERY :  Its  Construction,  History,  &c.  with 

full  Technical  Directions  for  Adjusting,  &c.  By  T.  W  Urouiurt  CF  f 

223.  MECHANICAL    ENGINEERING.  Comprising •  Mrtaifuray* 

Moulding,  Casting,  Forgmg.  Tools,  Workshop  Machinery,  Manufacture  oi 
the  .Steam  Engine,  &c.    By  Fkancis  Campin,  C.E.    2s.  6d  ± 

224.  COACH  BUILDING,   A   Practical   Treatise,   Historical  and 

Descriptive.    By  J.  W.  Burgess.    2s.  6d.t 

235.  PRACTICAL  ORGAN  BUILDING.     Bv  W.  E.  Dickson 
,     J^A.,  Precentor  of  Ely  Cathedral.  Illustrated.  2s.  6d.t    {fust  Published  ' 

236.  DETAILS  OF  MACHINERY.     Comprising  Instructions  for 

the  Execution  of  various  Works  in  Iron  in  the  Fitting-Shop,  Foundry,  and 
Boiler-Yard.    Arranged  expressly  for  the  use  of  Draughtsmen,  Students, 
^ndForemer '  ^fcneer*.   By  Francis  Campin  'C.E.    3s4  [Just  published. 
, ■     ,  S/Ul IHV  AND  FORGE;  including  the  Farrier's  Art  and 

 '"ach  Smithing.    By  W.  J.  E.  Crank.    Illustrated.  \In  the  press. 
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SHIPBUILDING,  NAVIGATION,  MARINE 
ENGINEERING,  ETC. 

ct.  NAVAL  ARCHITECTURE,  the  Rudiments  of;  or  an  Exposi- 
tion of  the  Elementary  Principles  of  the  Science,  and  their  Practical  Appli- 
cation to  Naval  Construction.  Compiled  ior  the  Use  of  Beginners.  By 
James  PeAKE,  School  of  Naval  Architecture.  H.M.  Dockyard,  Portsmouth. 
Fourth  Edition,  corrected,  with  Plates  and  Diagrams.    3s.  6d.t 

?3*.  SHIPS  FOR  OCEAN  AND  RIVER  SERVICE,  Elementary 
and  Practical  Principles  of  the  Construction  of.    By  Hakon  A.  Sommer- 
feldt  Surveyor  of  the  Roval  Norwegian  Navy.    With  an  Appendix.  is.6d. 
»,**.  AN  ATLAS  OF  ENGRA  VINGS  to  Illustrate  the  above.  Twelve 

lar<'e  foldinn- plates.    Royal  4 to,  cloth.    7s.  fjd. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rudimentary  Treatise  on.  Also  Tables  of  Spars,  Rigging,  Blocks  ;  Chain, 
Wire,  and  Hemp  Ropes,  Sec,  relative  to  every  class  of  vessels.  With  an 
Appendix  of  Dimensions  of  Masts  and  Yards  of  the  Royal  Navy.  By  Robert 
Kipping.  N.A.  Fourteenth  Edition.    Illustrated.  2S.i 

C4*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details 
for  the  Use  of  Ship  Owners  and  Ship  Builders.  By  John  Grantham,  Con- 
sulting Engineer  and  Naval  Architect.    5th  Edition,  with  Additions.  4s. 

ca.**.  AN  ATLAS  OF  FORTY  PLATES  to  Illustrate  the  above. 

J       '    Fifth  Edition.   Including  the  latest  Examples,  such  as  H.M.  Steam  Frigateo 
"Warrior,"  "Hercules/'  "  Bcllerophon  ;  "  H.M.  Troop  Ship  "  Serapis, 
Iron  Floating  Dock,  &c,  &c.    4to,  boards.  38s. 

cc  THE  SAILOR'S  SEA  BOOK:  a  Rudimentary  Treatise  on 
Navigation.  Part  I.  How  to  Keep  the  Log  and  AVork  it  off.  Part  II.  On 
Finding  the  Latitude  and  Longitude.  By  James  Greenwood,  B.A.  To 
■which  are  added  the  Deviation  and  Error  of  the  Compass;  Great  Circle 
Sailing ;  the  International  (Commercial)  Code  of  Signals ;  the  Rule  of  the 
Road  at  Sea;  Rocket  and  Mortar  Apparatus  for  Saving  Life;  the  Law  of 
Storms  ■  and  a  Brief  Dictionarv  of  Sea  Terms.  With  numerous  W  oodcuts 
and  Coloured  Plates  of  Flags.  New,  thoroughly  revised  and  much  enlarged 
edition     By  W.  H.  Rosser.    2s.  6d.t 

80.  MARINE  ENGINES,  AND  STEAM  VESSELS,  a  Treatise 

on     Together  with  Practical  Remarks  on  the  Screw  and  Propelling  Power, 
as 'used  in  the  Royal  and  Merchant  Navy.    By  Robert  Murray,  C.E 
Enrineer-Surveyor  to  the  Board  of  Trade.    With  a  Glossary  of  leclmical 
Terms,  and  their  Equivalents  in  French.  German,  and  Spanish.  Seventh 
Edition,  revised  and  enlarged.    Illustrated.  3S.t 

Sxbis  THE  FORMS  OF  SHIPS  AND  BOATS:  Hints,  Experiment- 
'    ally  Derived,  on  some  of  the  Principles  regulating  Ship-building    By  W. 
Ur  and  Seventh  Edition,  revised.with  numerous  Illustrations  and  Models. is.6d. 

00  NAVIGATION  AND  NAUTICAL  A  STR  ONOMY,  in  Theory 

and  Practice.  By  Professor  J.  R.  Young.  New  Edition,  including  the 
requisite  Elements  from  the  Nautical  Almanaclor  working  the  Problems. 
Illustrated.   2S.  6d.  KJust  fubhthed. 

roo*.  TABLES  intended  to  facilitate  the  Operations  ol  Navigation  and 
Nautical  Astronomy,  as  an  Accompaniment  to  the  above  Book.    By  J.  R. 

106  SHlFs'  ANCHORS,  a  Treatise  on.  By  G.  Cotsell,  N.A.    is.  64 
140'  SAILS  AND    SAIL-MAKING,  an  Elementary  Treatise  on. 
With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.    Also,  Weights 
and  Sizes  of  Ropes  :  Masting,  Rigging,  and  Sails  of  Steam  Vessels,  &C..&C. 
Eleventh  Edition,  enlarged,  with  an  Appendix.    By  ROBERT  Kipping,  N.A., 
Qailmalcer  Ouavside.  Newcastle.    Illustrated.    2s.  6d.t 
r«    THE  ENGINEER'S    GUIDE    TO   THE   ROYAL  AND 
MERCANTILE  NAVIES.    By  a  Practical  Engineer.    Revised  by  D. 
F  M'Cartiiv  late  of  the  Ordnance  Survey  Office,  Southampton.  3s. 
,,   PRACTICAL   NAVIGATION.      Consisting  of  The  bailors 
S,      Sea-Book.    By  James  GrbbnwoOO  and  W.  H.  Rosser.     Together  will; 
the  requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the 
204-    Problems.   By  Hi' n r v  Law,  C.E..  and  J.  R.  Young,  formerly  Professor  of 
Mathematics  in  Belfast  College.    Illustrated  with  numerous  Yv  ood  lingrav- 
ings  and  Coloured  Plates.    7s.    Strongly  half-bound  in  leather.  
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PHYSICAL   SCIENCE,    NATURAL  PHILO- 
SOPHY, ETC. 

i.  CHEMISTRY,  for  the  Use  of  Beginners.    By  Professor  George 

Agriculture    is"  AppCndis  011  the  Application  of  Chemistry  to 

=.  NATURAL  'PHILOSOPHY,  Introduction  to  the  Study  of-  for 
the  Use  of  Beginners.  By  C.  Tomlinson,  Lecturer  on  Natural  Science  in 
King's  College  School,  London.    Woodcuts,    is  6d  science  m 

4.  MINERALOGY,  Rudiments  of;  a  concise  View  of  the  Properties 

ft     li^n£r?*>T^AvRfISAY'Jun-    Woodcuts  and  Steel  Plates.    3s  r 
o.  MECHANICS,  Rudimentaiy  Treatise  on;  being  a  concise  Ex- 
£'7f*e  General  Principles  of  Mechanical  Science,  and  their  Applica- 
-     irr  ir^l  T°MLI*S0N-    Illustrated,    is.  6d.  ™ 

7,  HLEC1RICITY;  showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  applied.    By  Sir  W  Snow 

7  .  GALVANISM,  Rudimentaiy  ireatise  on,  and  the  General  Prin- 
Fd  Hnn  „  M,mal  •  ?d  Voltaic  Electricity.    By  Sir  W.  Snow  Harris.  New 
S         /A  A;^^ro°^Sldlrable  Add,tl°"s  by  Robert  Sabine,  C.E.,  F.S.A.  is.  6d- 

8.  MAGNE  I  ISM ;  being  a  concise  Exposition  of  the  General  Prin  - 

Pv  Sir  wTetlCH  Science,  and  the  Purposes  to  which  it  has  been  applied. 
nL™  k NTHa£R,S-j  NewrEdit!°n.  revised  and  enlarged  by  H.  M 
Noad,  Ph.l)  Vice-President  of  the  Chemical  Society,  Author  of  " A 
Manual  of  Electricity,"  &c.,  &c.    With  16?  Woodcuts     is  66  ± 

11.  THE  ELECTRIC  TELEGRAPH*;  ite  ffistor?' and  Progress; 

j n    /W^v7^c    re^Vhe^PT?aratu|-  ByR-SAB.NE,C.E.,F.S.A.  3s. 

x-  RHEUMATICS,  for   the    Use   of  Beginners.     By  Charles 

Tomlinson.   Illustrated,    is.  6d. 
72.  MANUAL  OF  THE  MOLLUSC  A  ;  a  Treatise  on  Recent  and 

Fossil  Shells.    By  Dr.  S.  P.  Woodward,  A.L.S.    Fourth  Edition.  With 

Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.  With  numerous  Plates  and  300 

Woodcuts.    6s.  6d.    Cloth  boards,  7s.  6d. 

79**.  PHOTOGRAPHY,  Popular  Treatise  on;  with  a  Description  of 
the  Stereoscope,  &c.    Translated  from  the  French  of  D.  Van  Monckhovbn 
by  W.  H.  Thornthwaite,  Ph.D.    Woodcuts,    is.  6d. 

96.  ASTRONOMY.    By  thelate  Rev.  Robert  Main,  M.A.,  F.R.S., 

formerly  Radcliffe  Observer  at  Oxford.  Third  Edition,  revised  and  cor- 
rected to  the  Present  Time.  By  William  Tuynne  Lynn,  B.A.,  F.R.A.S. 
formerly  of  the  Royal  Observatory,  Greenwich.    2s.  [Just  published 

97-  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of: 
embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.    By  T.  Baker,  C.E.    is.  6d. 

138.  TELEGRAPH,  Handbook  of  the;  a  Manual  of  Telegraphy, 
Telegraph  Clerks'  Remembrancer,  and  Guide  to  Candidates  for  Employ- 
ment in  the  Telegraph  Service.  By  R.  Bond.  Fourth  Edition,  revised  and 
Su$5SSUrto  w^hJ!  aPPended.  QUESTIONS  on  MAGNETISM,  ELEC- 
J Rw  IfrlVilnd  PRACTICAL  TELEGRAPHY,  for  the  Use  of  Students, 
by  VV.  McGregor,  First  Assistant  Supnt,  Indian  Gov.  Telegraphs.  3S4 

173-  PHYSICAL  GEOLOGY,  partiv  based  on  Major-General  Port- 
';°=K'S ''Rudiments°fGeologj-."  By  Ralph  Tate,  A.L.S. ,  &c.  Woodcuts.  2s. 
174.  HISTORICAL    GEOLOGY,   partly   based   on  Major-General 

Portlock's  "Rudiments."  By  Ralph  Tate,  A.L.S.,  Uc.  Woodcuts   2s  Cd 
173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 
&       Historical.    Partly  based  on  Major-General  Portlock's  "  Rudiments  of 
o74'  t  ^yrRT^P,UTATE'  A-L-S-.  F-G.S.,  &c.    In  One  Volume.  4s.  6d.1 

183   ANIMAL  PHYSICS,  Handbook  of.    By  Dr.  Lardner,  D.C.L., 
&     .  formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
184.     College,  Lond.  With  520  Illustrations.   In  One  Vol.   7s.  6d.,  cloth  boards. 
*#*  Sold  also  in  Two  Parts,  as  follows  : — 

183.  Animal  Physics.    By  Dr.  Lardner.    Part  I.,  Chapters  I  —VII  as 

184.  Animal  Physics.    By  Dr.  Lardner.    Part  II.,  Chapters  VIII.— XVIII.  ys 
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MINING,   METALLURGY,  ETC. 

117  SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on,  with  and  without  the  Magnetic  Needle.  By  Thomas  Fenwick, 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.    Illustrated.    2s.  6d.t 

133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Methods 

of  Seeking,  Mining,  and  Assaying  Copper,  and  Manufacturing  its  Alloys. 
By  Robert  H.  Lamborn,  Ph.D.    Woodcuts.    2s.  6d.t 

134.  METALLURGY  OF  SILVER  AND  LEAD.    By  Dr.  R.  H. 

Lamborn.    Woodcuts.    2s.  6d.i  .,,„.,,  t-> 

HS.  ELECTRO-METALLURGY ;  Practically  Treated.    By  Alex- 
ander Watt,  F.R.S.S.A.    -th  Edition,  revised,  with  important  additions, 
including  the  Electro-Deposition  of  Nickel,  &c.    Woodcuts.    3s  t 
172.  MINING  TOOLS,  Manual  of.    For  the  Use  of  Mine  Managers, 
Agents,  Students,  &c.    Bv  William  Morgans.    2s.  6d  t 
172*.  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the  above, 
containing  235  Illustrations,  drawn  to  Scale.  4to.   4s.  6d. ;  cloth  boards,  6s. 
176  METALLURGY  OF  IRON.   Containing  History  of  Iron  Manu- 
facture. Methods  of  Assay,  and  Analyses  of  Iron  Ores  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.    By  H.  Bauerman,  F.G.S.    5th  Edition, 
revised  and  enlarged.    Ss.*      '  „    „.  [Just  published. 

1S0.  COAL  AND  COAL  MINING,  A  Rudimentary  TreaUse  on 
By  Warington  W.  Smyth,  M.A.,  F.R.S.  Fifth  Edition,  revised  and 
enlarged.    With  numerous  Illustrations.    3S-6d-t  .... 

iqc.  THE   MINERAL    SURVEYOR  AND  VALUER'S  COM- 

PLETE  GUIDE,  with  new  Traverse  Tables,  and  Descriptions  of  Improved 
Instruments  ;  also  the  Correct  Principles  of  Laying  out  and  \aluing  Mineral 
Properties.  By  William  Lintern.  Mining  and  Civil  Engineer.  _3s.  6d4 
214.  SLATE  AND  SLATE  QUARR  YING,  Scientific,  Practical,  and 
Commercial.  By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.  ^  ith 
numerous  Illustrations  and  Folding  Plates.    3S.t  _  _ 

211;  THE  GOLDSMITH'S  HANDBOOK,  containing  full  Instruc- 
tions for  the  Alloying  and  Working  of  Gold.  By  George  E  Gee,  Goldsm.th 
and  Silversmith.  Second  Edition,  considerably  enlarged.  3S.1_  _ 

22=;    THE  SILVERSMITH'S  HANDBOOK,   containing  full  In- 
structions for  the  Alloying  and  Working  of  .Silver    By  G eorge  E  Gee  3^ 

2-0.  MAGNETIC  SURVEYING,  AND  ANGULAR  SURVEY- 

ING,  with  Records  of  the  Peculiarities  of  Needle  Disturbances.  Compiled 
from  the  Results  of  carefully  made  Experiments.  By  William  Lintern, 
Mining  and  Civil  Engineer  and  Surveyor.  2s. 

FINE  ARTS. 

20  PERSPECTIVE  FOR  BEGINNERS.     Adapted    to  Young 

Students  and  Amateurs  in  Architecture  Painting  Sec.  Bv  5«°?£.H,^E^ 

40   GLASS  STAINING,  AND  THE  ART  OF  PAINTING  ON 
&4I     GLASS.   From  the  German  of  Dr.  Gesskrt  and  Emanuel  Orro  1-ROm- 
BKRG.    With  an  Appendix  on  The  Art  ■>,.-  Enamelling.    2s.  6(1. 
69  MUSIC,   A  Rudimentary   and  Practical  Treatise   on.  Witb 

numerous  Examples.    By  Charles  Child  Spbncsr.    2s.  6d. 
7!    PIANOFORTE,  The  Art  of  Playing  the.    With  numerous  Exer- 
'     cises  &  Lessons  from  the  Best  Masters.  By  Charles  Child  Spencer.  is.6d. 

69.71.  MUSIC  AND  THE  PIANOFORTE.  In  one  volume.  Half 
.81  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass.  Tempera,  Encaustic * 
Paintine  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass.  &c.  With  Historical 
Skeffiof  the  Progress  oi  the  Art  by  Thomas  John  Gi.llick  assisted  by 
Tohn  TlMBS  F.S.A.    Fourth  Edition,  revised  and  enlarged.  5s.t 

,86.  A   GRAMMAR    OF  COLOURING,    applied    to  Decorative 

Painting  and  the  Arts.  By  George  Field.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.    By  Ellis  A. 

Davidson.    With  two  new  Coloured  Diagrams,  &c.    3s. t  

The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra.  _ 
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weale's  rudimentary  series. 


AGRICULTURE,  GARDENING,  ETC. 

66.  CLAY  LANDS  &  LOAMY  SOILS.  By  Prof.  Donaldson  is 
131.  MILLER'S,  MERCHANTS,  AND  FARMER'S  READY 
RECKONER.    With  approximate  values  of  Millstones,  Millwork  &c  is 

140.  SOHS,  MANURES,  AND  CROPS.    (Vol.  1.  Outlines  of 

Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts.  2s. 

141.  FARMING  &>  FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  2.  Outlines  of  Modern  Farming.)  By  R  ScottBurn  is 
r42.  STOCK;   CATTLE,   SHEEP,   AND    HORSES.     (Vol!  3 

Outlines  of  Modern  Farming.)    By  R.  Scott  Burn.  Woodcuts.    2s.  6.1. 
145-  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.  Bv 
R.  Scott  Burn.   With  Notes  on  the  Diseases  of  Stock.   (Vol.  4.  Outline's 
of  Modern  Farming.)    Woodcuts.  2s. 

146.  UTILIZATION    OF    SEWAGE,     IRRIGATION,  AND 
RECLAMATION  OF  WASTE  LAND.   (Vol.  5.  Outlines  of  Modern 
„  x  arming. )    By  R.  Scott  Burn.    AVoodcuts.    2s.  6d. 

„    Nos.  140-1-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  "Outlines  of 

Modern  Farming."   By  Robert  Scott  Burn.    Price  12s. 
177-  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  Breuil.  Revised  by  Geo.  Glenny.  187  Woodcuts   is  6d  { 

198.  SHEEP;  THE  HISTORY,  STRUCTURE,  ECONOMY,  AND 

DISEASES  OF.    By  W.  C.  Spooner,  M.R.V.C.,  &c.    Fourth  Edition, 
enlarged,  including  Specimens  of  New  and  Improved  Breeds.   3s.  6d  t 
201.  KITCHEN  GARDENING  MADE  EASY.     Showing  how  to 

prepare  and  lay  out  the  ground,  the  best  means  of  cultivating  every  known 
Vegetable  and  Herb,  Sec.    By  George  M.  F.  Glenny.    -s  6dt 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organi- 

zation of  Farm  Labour:  Treating  of  the  General  Work  of  the  Farm  ^Field 
and  Live  Stock;  Details  of  Contract  Work;  Specialities  of  Labour,  &'c.  &c 
By  Robert  Scott  Burn.    2s.  6d.; 

208.  OUTLINES  OF  LANDED  ESTATES  MANAGEMENT: 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  Farm  Buildings 
Irrigation,  Drainage,  &c.   By  R.  Scott  Burn.   2s.  6d.t 
*.*  Nos.  207  &~  208  in  One  Vol.,  handsomely  half-hound,  entitled  "  Outlines  of 
Jh#J?*i,??l£I,ES  AND  Farm  M  anagement."  Bv  R.  Scott  Burn.  Price  6s 

209.  THE   TREE  PLANTER  AND  PLANT  PROPAGATOR. 

A  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees 
Jl?^e"??,^hrubs'  lowering  Plants,  &c.     By  Samuel  Wood.  2s.± 

210.  1  HE  I  REE  PRUNER .   A  Practical  Manual  on  the  Pr  lining  of 

TSt    [ees/  ,mc'udin£  a,s°  their  Training  and  Renovation  ;  also  the  Pruning 
ot  Shrubs,  Climbers,  and  Flowering  Plants.    By  Samuel  Wood     2s  X 
Nos.  209  <5v  210  in  One  Vol.,  handsomely  half-bound,  entitled  "The  Tree 

0    tztV* ?J5VP^°»PAAAT^AND  Pruner-"   By  Samuel  Wood.  Price  <s. 
218.  THE  HA  Y  AND  STRA  W  MEASURER  :  Being  New  Tables 

for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers  &c 
forming  a  complete  Calculator  and  Readv-Reckoner,  especially  adapted  to 
persons  connected  with  Agriculture.   Fourth  Edition.  BvTohnSteeif  2s 

222.  SUBURBAN  FARMING.    The  Laying-out  and  Cultivation  of 

1'arms,  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese  E^gs  Poultry 
and  Pigs.    By  Prof.  Iohn  Donaldson  and  R.  Scott  Burn  '  ls  6d  t 

231.  THE  ART  OF  GRAFTING  AND  BUDDING.    By  Charles 

Bai.tet.    With  Illustrations.    2s.  6d.t  \Just  t>ubli\hed 

232.  COTTAGE  GARDENING:  or,  lowers,  Fruits,  and  Vegetables 

for  Small  Hardens.    By  E.  Hobday,    is.  6d.  \7nu '. -iublishrd 

233.  GARDEN  RECEIPTS.   Edited  by  Charles  W  Quin.    is  6d. 

234.  THE  KITCHEN  AND  MARKET  GARDEN  '* 'bv 'con- 

tributors to  "  The  Garden."  Compiled  by  C.  W.  Shaw,  Editor  of  "  Garden- 
ing Illustrated.'-   -tjopp.    }s.i  \  Just  published 
LAND  DRAINAGE,  in  Theory  and  Practice.    Bv  Professor 

Scott.    Illustrated.  -[/„  the  p,.^ 

BSt~  The  i  indicates  thai  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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weale's  rudimentary  series. 


ARITHMETIC,  GEOMETRY,  MATHEMATICS, 

ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 
their  Construction  and  the  Methods  of  Testing-,  Adjusting,  and  Using  them 
are  concisely  Explained.     By  J.  F.  Heather,  M.A.,  of  the  Royal  Military 
Academy,  Woolwich.    Original  Edition,  in  1  vol.,  Illustrated,    is.  6d. 
»**  In  ordering- the  above,  be  careful  io  say,  "  Original  Edition  "  (No.  32),  to  distin- 
guish it  from  the  Enlarged  Edition  in  3  vols.  (Nos.  168-9-70.) 

60.  LAND  AND  ENGINEERING  SURVEYING,  a  Treatise  on; 

with  all  the  Modern  Improvements.  Arranged  for  the  Use  of  Schools  and 
Private  Students  ;  also  for  Practical  Land  Surveyors  and  Engineers.  By 
T.  Baker,  C.E.  New  Edition,  revised  by  Edward  Nugent,  C.E.  Illus- 
trated with  Plates  and  Diagrams.  2s.i 

61*.  READY  RECKONER  FOR  THE  ADMEASUREMENT  OF 

LAND.  By  Abraham  Arman,  Schoolmaster,  Thurleigh,  Beds.  To  which 
is  added  a  Table,  showing  the  Price  of  Work,  from  2s.  6d.  to^i  per  acre,  and 
Tables  for  the  Valuation  o'f  Land,  from  is.  to  £1,000  per  acre,  and  from  one 
pole  to  two  thousand  acres  in  extent,  &c,  &c.  is.  6d. 
76.  DESCRIPTIVE  GEOMETRY.,  an  Elementary  Treatise  on; 
with  a  Theory'  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  Monge.  To  which  is  added,  a  description  of  the  Principles  and  Practice 
of'lsometrical  Projection  ;  the  whole  being  intended  as  an  introduction  to  the 
Application  of  Descriptive  Geometry-  to  various  branches  of  the  Arts.  By 
J.  F.  Heather,  M.A.    Illustrated  with  14  Plates.  2s. 

178.  PRACTICAL  PLANE   GEOMETRY :   giving  the  Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Heather,  M.A.  With  215  Woodcuts.  2s. 

179.  PROJECTION :  Orthographic,  Topographic,  and  Perspective: 

tnvin^  the  various  Modes  of  Delineating  Solid  Forms  by  Constructions  on  a 
Single  Plane  Surface.    By  J.  F.  Heather,  M.A.  [/»  preparation. 

%*  The  above  three  volumes  mill  form  a  Complete  Elementary  Course  of 
Mathematical  Drawing. 

8?.  COMMERCIAL  BOOK-KEEPING.  With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.    By  James  Haddon, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,    is.  6d. 
84.  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  full  Explana- 
tions of  its  Theoretical  Principles,  and  numerous  Examplesfor  Practice.  Foi 
the  Use  of  Schools  and  for  Self-Instruction.    By  J.R.  Young,  late  Professor 
of  Mathematics  in  Belfast  College.    New  Edition,  with  Index,    is.  6d. 
8-*  A  Key  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
'     with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  ol 
Teachers  and  Unassisted  Learners.    By  J.R.  Young,    is.  6d. 
8c;  EOUA  TIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 
Sc*    Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various  Tables  by 

b  '  which  all  Calculations  may  be  greatly  facilitated.  By  W  .  Hipsley.  2s. 
86  ALGEBRA,  the  Elements  of.     By  James  Haddon,  M.A., 

Second  Mathematical  Master  of  King's  College  School.  W  ith  Appendix, 
containing  miscellaneous  Investigations,  and  a  Collection  of  Problems  in 
various  parts  of  Algebra.  2s. 
R1»  A  Key  and  Companion  to  the  above  Book,  forming  an  extensive  repository  of 
'  Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.  Especially  adapted  for  Self-instruc- 
tion. By  J.  R.Young,  is.  Cd. 
EUCLID,  The  Elements  ok  :  with  many  additional  Propositions 
and  Explanatory  Notes :  to  which  is  prefixed,  an  Introductory  Essay  on 
Logic.   By  Henry  Law,  C.E.   2s.  6d.t 

•»*  Sold  also  separately,  viz.  : — 
Euclid,  The  First  Three  Books.    By  Henry  Law,  C.E.    is.  6d. 
Euclid,  Books  4,  5,  °,  n,  12.    By  Henry  Law,  C.E.    is.  6d. 


89. 


88. 
8g. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 

90.  ANALYTICAL    GEOMETRY  AND    CONIC  SECTIONS, 

a  Rudimentary  Treatise  on.  By  James  Hann,  late  Mathematical  Master  of 
King's  College  School,  London.  A  New  Edition,  re-written  and  enlarged 
by  J.  R.  Young,  formerly  Professor  of  Mathematics  at  Belfast  College,  zs.t 

91.  PLANE    TRIGONOMETRY,  the  Elements  of.    By  James 

Hann,  formerly  Mathematical  Master  of  King's  College,  London,    is.  6d. 

92.  SPHERICAL  TRIGONOMETRY,  the  Elements  of.    By  James 

Hann.    Revised  by  Charles  H.  Dowling,  C.E.  is. 
***  Or  with  "  The  Elements  of Plane  Trigonometry"  in  One  Volume,  2s.  6d. 

93.  MENSURATION  AND  MEASURING,  for  Students  and  Prac- 

tical Use.  With  the  Mensuration  and  Levelling  of  Land  for  the  Purposes  of 
Mo.dern  Engineering.  By  T.  Baker,  C.E.  New  Edition,  with  Corrections 
and  Additions  by  E.  Nugent,  C.E.    Illustrated,    is.  6d. 

102.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.  By 

Homersham  Cox,  B.A.    Illustrated,  is. 

103.  INTEGRAL  CALCULUS,  Examples  on  the.    By  James  Hann, 

late  of  King's  College,  London.    Illustrated,  is. 

101.  DIFFERENTIAL  CALCULUS,  Elements  of  the.    By  W.  S.  B. 
Woolhouse,  F.R.A.S.,  Sx.    is.  6d. 

105.  MNEM ONICA  L   LESSONS.  —  Geometry,    Algebra,  and 

Trigonometry,  in  Easy  Mnemonical  Lessons.  By  the  Rev.  Thomas 
Pexyngton  Kirkmax,  M.A.    is.  6d. 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self. 

Instruction.  By  James  Haddon,  M.A.  Revised  by  Abraham  Arman. 
is.  6d. 

137.  A  Key  to  Haddon's  Rudimentary  Arithmetic.    By  A.  Arman.   is.  6d. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.  Includ- 

ing— I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Cop3'ing,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  J.  F.  Heather,  M.A.,  late  of  the  Royal 
Military  Academy,  Woolwich,  Author  of  "  Descriptive  Geometry,"  &c,  &c. 
Illustrated,    is.  6d. 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especially)  Tele- 

scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.    By  J.  F.  Heather,  M.A.    Illustrated,    is.  od. 

170.  SURVEYING   AND  ASTRONOMICAL  INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.  II.  Instruments  Employed  in  Astronomical  Observa- 
tfons.    By  J.  F.  Heather,  M.A.    Illustrated,    is.  6d. 
*»'*  The  al'oz-e  three  volumes  form  an  enlargement  of  the  Author's  original  work 
"  Mathematical  Instruments:  their  Construction,  Adjustment,  Testing,  and  Use, 
the  Thirteenth  Edition  of  which  is  on  sale,  price  is.  6d.  (See  No.  32  in  the  Series  ) 

MATHEMATICAL  INSTRUMENTS.    By  J.  F.  Heather, 

169.  >•  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-written.  The  3  Parts  as 

170.  )  above,  in  One  thick  Volume.  With  numerous  Illustrations.  4s.  6d.t 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  containing 

full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Charles  Hoare,  C.E.  With  a 
Slide  Rule  in  tuck  of  cover.    2s.  6d.J 

185.  THE  COMPLETE  MEASURER ;  setting  forth  the  Measure- 
ment  of  Boards,  Glass,  &c,  &c. ;  Unecp^al-sidcd,  Square-sided,  Octagonal- 
sided,  Round  Timber  and  Stone,  and  Standing  Timber.  With  a  Table 
showing  the  solidity  of  hewn  or  eight-sided  timber,  or  of  any  octagonal- 
sided  column.  Compiled  for  Timber-growers,  Merchants,  and  Surveyors, 
Stonemasons,  Architects, _  and  others.  By  Richaud  Hokton.  Fourth 
Edition,  with  valuable  additions.    4s.;  strongly  bound  in  leather,  5s. 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES; with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.    By  Ffi'DOR  Thou  an.  454 

SiT"  The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued. 
199.  INTUITIVE  CALCULATIONS ;  or,  Easy  and  Compendious 

Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions  ;  together  with  Full  Explanations  of 
Decimals  and  Duodecimals,  several  Useful  Tables,  &c.  By  Daniel 
O'Gorman.  Twenty-fifth  Edition,  corrected  and  enlarged  by  J.  R.  Young, 
formerly  Professor  of  Mathematics  in  Belfast  College.    3s. % 

204.  MA  THEM  A  TICAL  TABLES,  for  Trigonometrical,  Astronomical, 

and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on  Logarithms. 
By  Henry  Law,  C.E.  Together  with  a  Series  of  Tables  for  Navigation 
and  Nautical  Astronomy.  By  J.  R.  Young,  formerly  Professor  of  Mathe- 
matics in  Belfast  College.    New  Edition.    3s.  6d.i 

221.  MEASURES,  HEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.  By  W.  S.  B.  Woolhouse,  F.R.A.S.,  F.S.S.  Sixth  Edition, 
carefully  revised  and  enlarged.  2S.J 

227.  MATHEMATICS  AS  APPLIED   TO   THE  CONSTRUC 

TIVE  ARTS.  Illustrating  the  various  processes  of  Mathematical  Investi- 
gation, by  means  of  Arithmetical  and  Simple.  Algebraical  Equations  and 
Practical  Examples ;  also  the  Methods  of  Analysing  Principles  and  De- 
ducing Rules  and  Formula?,  applicable  to  the  Requirements  of  Practice. 
By  Francis  Campin,  C.E.,  Author  of  "Materials  and  Construction,"  &c. 
Second  Edition,  revised  and  enlarged  by  the  Author.  3s.*  {Just published. 


MISCELLANEOUS  VOLUMES. 

lb  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
'     BUILDING  ENGINEERING,  MINING,  METALLURGY,  ARCHE- 
OLOGY the  FINE  ARTS,  &v.  By  John  Weale.  Fifth  Edition.  Revised 
by  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records.    Numerous  Illus- 
trations,   ss.  cloth  limp  ;  6s.  cloth  boards.  „„„ 

50.  THE  LAW  OF  CONTRACTS  FOR  WORKS  AND  SER- 

VICES    By  David  Gibbons.    Third  Edition,  enlarged,  js.i 

112.  MANUAL  OF  DOMESTIC  MEDICINE.    By  R.  Gooding, 

B.A.,  M.D.  Intended  as  a  Family  Guide  in  all  Cases  of  Accident  and 
Emergency.    Third  Edition.    2S.±  .  , 

112*    MANAGEMENT  OF  HEALTH.    A  Manual  of  Home  and 
Personal  Hygiene.    By  the  Rev.  James  Baird,  B.A.  is. 
,50.  LOGIC,  Pure  and  Applied.     By  S.  H.  Emmexs      is.  6d 
xXx   SELECTIONS    FROM    LOCKE'S    ESSAl'S    ON  THE 

HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  Emmkns.  2S. 
I  cm    GENERAL  HINTS  TO  EMIGRANTS.    Containing  Notices 

of  the  various  Fields  for  Emigration.  With  Hints  on  Preparation  for 
Emigrating,  Outfits,  &c,  &c.  With  Directions  and  Recipes  useful  to  the 
Emigrant.    With  a  Map  of  the  World.    2s.  -r,  -r. 

K7    7HE  EMIGRANTS   GUIDE   TO   NATAL.     By  Robert 

James  Mann,  F.R.A.S.,  F.M.S.  Second  Edition,  carefully  corrected  to 
the  present  Date.  Map.  2s.  . 
,<n  HANDBOOK  OF  FIELD  FORTIFICATION,  intended  for  the 
Guidance  of  Officers  Preparing  for  Promotion  and  especially  a^Pted  to  the 
requirements  of  Beginners.  Bv  Major  \V.  W  RNOLL\  S,  KR.G.S.,  93rd 
Sutherland  Highlanders,  &c.    With  163  Woodcuts. 

,04    THE  HOUSE  MANAGER:  Being  a  Guide  to  Housekeeping. 

Practical  Cookery,  Pickling  and  Preserving,  Household  \\  oik  Dairy 
Management,  the  Table  and  1  .essert  Cellarage  of  Wines,  Home-brewing 
•  ml  Wine-making,  the  Boudoir  and  Dressing-room,  Travelling:,  Stable 
Economy,  GardenfnjJ  Operations,  fcc,   By  An  Old  H0USBKB„kr    js.  6d.» 

iqa   HOUSE  BOOK  {The).  Comprising  :— I.  Ihe  House  Manager. 

Bv  an  Old  Housekeeper.  II.  Domhstic  MhdiCINB.  By  Rai  ph  Goon  sc. 
,  M.D.  HI-  Management  oe  Health.  By  James  Baird.  In  One  Vol., 
°^       strongly  hall-bound.  6s. 
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EDUCATIONAL  AND  CLASSICAL  SERIES. 


HISTORY. 

I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Progress  of  the  English  Constitution  By 
William  Douglas  Hamilton,  F.S.A.,  of  Her  Majesty's  Public  Record 
Office.    4th  Edition,  revised.    5s.  ;  cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 

Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  Douglas  Hamilton 
of  University  College,  London,  and  Edward  Levien,  M.A.,  of  Balliol 
College,  Oxford.    2s.  6d. ;  cloth  boards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire 
By  Edward  Levien,  of  Balliol  College,  Oxford.  Map,  2s.6d. ;  cl.bds  3s  6d 

9.  Chronology  of  History,  Art,  Literature,  and  Progress,' 

from  the  Creation  oi  the  World  to  the  Conclusion  of  the  Franco-German  War 
The  Continuation  by  W.  D.  Hamilton,  F.S.A.    3s.  ;  cloth  boards  3s  6d 

50.  Dates  and  Events  in  English  History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.    By  the  Rev.  E.  Rand.  is. 


ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  Hyde 
Clarke,  D.C.L.  Fourth  Edition,  is.  6d. 
it».  Philology:  Handbook  of  the  Comparative  Philology  of  English, 
Anglo-Saxon,  Frisian,  Flemish  or  Dutch,  Low  or  Piatt  Dutch,  High  Dutch 
or  German,  Danish,  Swedish,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portuguese  Tongues.    By  Hyde  Clarke,  D.C.L.  is. 

12.  Dictionary  of  the  English   Language,  as  Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hyde  Clarke,  D.C.L. 
3s.  6d. ;  cloth  boards,  4s.  6d.  ;  complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition   and  Punctuation,  familiarly  Explained  for 

those  who  have  neglected  the  Study  of  Grammar.  By  Justin  Brenan. 
17th  Edition,    is.  6d. 

49.  Derivative  Spelling-Book :  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages  ;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  Rowbotham,  F.R.A.S.    Improved  Edition,    is.  6d. 

51.  The  Art  of  Extempore  Speaking  :  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translated  from  the  French.  7th  Edition,  carefully  corrected.  2s.6d. 

52.  Mining  and  Quarrying,  with  the  Sciences  connected  there- 

with. First  Book  of,  for  Schools.  By  J.  H.  Collins,  F.G.S.,  Lecturer  to 
the  Miners'  Association  of  Cornwall  and  Devon,  is. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Examinations.    By  the  Rev.  Edgar  Rand,  B.A.  is. 
5+.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 
of.  To  which  is  prefixed,  a  Brief  Treatise  upon  Modern  Chemical  Nomencla- 
ture and  Notation.    By  Wm.  AV.  Pink  and  George  E.  Weuster.  2s. 

THE   SCHOOL   MANAGERS'  SERIES  OF  READING 

BOOKS, 

Adapted  to  the  Requirements  of  the  New  Code.  Edited  by  the  Rev.  A.  R.  Grant, 
Rector  of  Hitcham,  and  Honorary  Canon  of  Ely;  formerly  H.M.  Inspector 
of  Schools. 

Introductory  Primer,  id. 


d. 

First  Standard  .  .06 
Second     „  .      .    o  10 

Third      ,,  ..10 


i.  d. 

Fourth  Standard  .  .  .12 
Fifth  ,,  ...16 

Sixth  ,,  ...16 

Lessons  from  the  BlOLB.    Part  I.    Old  Testament,  is. 
Lessons  from  the  Birle.    Part  II.    New  Testament,  to  which  is  added 
'Ihe  Geography  of  the  Bible,  for  very  young  Children.    By  Rev.  C 
Thornton  Forster.    is.  2d.    »„*  Or  the  Two  Parts  in  One  Volume.  2s. 
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FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.    By  G.  L.  Strauss,  Ph.D.    is.  6d. 

25.  French-English  Dictionary.    Comprising  a  large  number  of 

New  Terms  used  in  Engineering,  Mining,  &c.    By  Alfred  Elwes.  is..6d. 

26.  English-French  Dictionary.    By  Alfred  Elwes.  2s. 
25,26.  French  Dictionary  (as  above).    Complete,  in  One  Vol.,  3s.  j 

cloth  boards,  3s.  6d.    *#*  Or  with  the  Grammar,  cloth  boards,  4s.  6d. 

4.7.  French  and  English  Phrase  Book  :  containing  Intro- 
ductory Lessons,  with  Translations,  several  Vocabularies  of  Words,  a  Col- 
lection of  suitable  Phrases,  and  Easy  Familiar  Dialogues,    is.  6d. 


GERMAN. 

39.  German  Grammar.     Adapted  for  English  Studfnts,  from 

Heyse's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,  is. 

40.  German  Reader  :  A  Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors  of  Germany  ;  with  Notes,  Philological  and  Ex- 
planatory.   By  G.  L.  Strauss,  Ph.D.  is. 
41-43.  German  Triglot  Dictionary.    By  Nicholas  Esterhazy 

S.  A.  Hamilton.  In  Three  Parts.  Part  I.  German-French-English. 
Part  II.  English-German-French.  Part  III.  French-Gennan-English. 
3s.,  or  cloth  boards,  4s. 

41-43  German  Triglot  Dictionary  (as  above),  together  with  German 

gj  ^9.     Grammar  (No.  39),  in  One  Volume,  cloth  boards,  5s. 

ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.    By  Alfred  Elwes.    is.  6d. 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfred  Elwes. 
Vol.  1.  Italian-English-French.    2S.  6d. 

30.  Italian    Triglot    Dictionary.     By  A.  Elwes.     Vol.  2. 

English-French-Italian.    2s.  6d. 

32.  Italian  Triglot  Dictionary.    By  Alfred  Elwes.    Vol.  3. 

French-Italian-English.    2S.  6d.  . 

18,30,  Italian  Triglot  Dictionary  (as  above).    In  One  Vol.,  ,s.  6d. 

32.     Cloth  boards. 

SPANISH  AND  PORTUGUESE, 
,4   Spanish  Grammar,  in  a  Simple  and  Practical  Form.  With 

a  Course  of  Exercises.   By  Alfred  Elwes.    is.  6d. 
«  Spanish-English  and  English-Spanish  Dictionary. 

Including  alargc  number  of  Technical  Terms  used  in  Mining,  Engineering,  &c 
with  the  proper  Accents  and  the  Gender  of  every  Noun.    By  Alfred  Elwes. 
4s.  :  cloth  boards,  5s.    V  Or  with  the  Grammar,  cloth  boards,  6s. 

cc  Portuguese  Grammar,  in   a  Simple  and  Practical  Form. 

With  a  Course  of  Exercises.    By  Alfred  Elwes.    is.  Cd. 

<;6  Portuguese-English  and   English-Portuguese  Dic- 
tionary, with  Ihe  Genders  of  each  Noun.   By  Alfred  Elwes^  ^      ^  . 

HEBREW. 
46*.  Hebrew  Grammar.   By  Dr.  Brksslau .    is .  6d 
44   Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical; 

44'     conlaS  tne  Hebrcl  and  Chaldee  Roots  of  the  Old  Testament  Post- 
Rabl.inic/1  Writings.  By  Dr.  Hkessi.au.  6s.  „ 

46.  English  and  Hebrew  Dictionary-    ByDr.  Bresslau.  3s. 
14*46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  witU 

46'.     the  Grammar,  cloth  boards.  12s.   
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LATIN. 

19.  Latin  Grammar.    Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.  By  the  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  tho  Greenwich  Proprietary  School,  is. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  Goodwin. 

ftl.A.  2S. 

22.  English-Latin  Dictionary;  together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.    By  the 
Rev.  Thomas  Goodwin,  M.A.    is.  6d. 
20,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d. ; 

cloth  boards,  4s.  Gd.  Or  with  the  GRAMMAR,  cloth  boards,  5s.  6d. 

LATIN  CLASSICS.    With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.    Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  You.\G.  is.  6i 

2.  Cffisaris  Commentarii  deBello  Gallico.  Notes,  and  a  Geographicnl 

Register  for  the  Use  of  Schools,  by  H.  Young,    cs.  ' 

3.  Cornelius  Nepos.    With  Notes.    By  H.  Young,  is. 

4.  Virgilii  Maronis  Bucolica  et  Gcorgica.  With  Notes  on  the  Buco- 

lics by  W.  Rushton,  M.A.,  and  on  the  Georgics  by  H.  Young,    is  6d 

5.  Virgilii  Maronis  ^Eneis.    With  Notes,  Critical  and  Explanatory, 

b>  H.  YOUNG.  New  Edition,  revised  and  improved.  AVith  copious  \ddi'- 
Colle^°&o?dReVs.T-       L-LEAKY-  D-C.L,  lormerly  Scholar  of  BrL'enose 

5*  Part  1.    Books  i.— vi.,  is.  6J. 

5     ~  Part  2.    Books  vii. — xii.,  2s. 

6.  Horace;  Odes,  Epode,  and  Carmen  Saccular*.    Notes  bv  H 

Young,   is.  6d.  ; 

7-  Horace;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  Brown- 

Rigg  Smith,  M.A.,  F.R.G.S.    is.  6d. 
S.  Sallustii  Crispi  Catalina  et  BeUum  Tugurtbinum.  Notes,  Critical 

and  Explanatory,  by  W.  M.  Donne,  B.A.,  Trin.  Coll.,  Cam.    is.  6d. 

9-  Terentii  Andria  et  Heautontimorumenos.    With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.    is.  oil. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.  Edited,  with  Notes,  Critical 

and  Hxplanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 
-'I.  Terentii  Eunuchus,  Comcedia:  Notes,  by  Rev.  J.  Davihs,  M.A. 

12.  Ciceronis  Oratio  pro  Sexto  P.oscio  Amerino.    Edited,  with,  an 

Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  bv  the  Rev 
jAMEi'  Davies,  M.A.  is. 

13.  Ciceronis  Oratione,   in   Catilinam,  Verrem,  et   pro  Archia 

T  W  ITnt™ductl0°-  Analysis,  and  Notes,  Explanatory  and  Critical,  by  Rev' 
is  6d       Jj8ARY'  d-(~-L-  formerly  Scholar  of  Nrasenoso  College,  Oxford.' 

14;  Ciceronis  Cato  Major,  Lcelius,  Brutus,  sive  de  Senectute,  de  Ami- 
S  a' d*  Claris  Oratoribus  Dialogi.    AVith  Notes  by  W.  Bkownrigg  SmITh 

IM.A.,  KK.O..S.  2S. 

16.  Livy  :  History  of  Rome.  Notes  by  H.  Young  and  W.  B.  Smith 
M.A.   Parti.   Books  i.,  ii.,  is.  6d.  ' 

l6*-  ?art  2.    Books  iii.,  iv.,  v.,  is.  Gd. 

I7-    lJart  3-    Books  xxi.,  xxii.,  is.  6d. 

19-  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Propertius 
and  Ovid.  Notes  by  AV.  B.  Donne,  M.A.,  Trinity  College,  Cambridge,  as! 

20.  Latin  Prose  Selections,  from  Varro,  Columella,  Vitruviu^ 

Seneca,  Quintilian,  Elorus,  Vclloius  I'aterculus,  Valerius  Maximus  .Sueto- 
nius, Apulcius,  &c.    Notes  by  W.  B.  Donne,  M.A.  2s. 

21.  Juvenalis  Satirre.    With  Prolegomena  and  Notes  by  T.  H.  S 

Escott,  B.A.,  Lecturer  on  Logic  at  King's  College,  London.  25. 
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GREEK. 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Philo- 
logical Researches  of  the  most  eminent  Scholars  of  our  own  day.  By  Hans 
Claude  Hamilton,    is.  6d. 

15,17.  Greek.  Lexicon.  Containing  all  the  "Words  in  General  Use,  with 

their  Significations,  Inflections,  and  Doubtful  Quantities.  By  Henry  R. 
Hamilton.  Vol.  1.  Greek-English,  2s.  6d. ;  Vol.  2.  English-Greek,  2s.  Or 
the  Two  Vols,  in  One,  4s.  6d. :  cloth  boards,  s». 

14,15.  Greek  Lexicon  (as  above).    Complete,  with  the  Grammar,  in 

17.  One  Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.    With  Explanatory  Notes  in  English. 
1.  Greek  Delectus.    Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Young.  New 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary,  by  John 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,    is.  6d. 

2,3.  Xenophon's  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand. 

Notes  and  a  Geographical  Register,  by  H.  Young.  Part  1.  Books  i.  to  iii., 
IS.    Part  2.  Books  iv.  to  vii.,  is. 

4.  Lucian's  Select  Dialogues.    The  Text  carefully  revised,  with 

Grammatical  and  Explanatory  Notes,  by  H.  Young,    is.  6d. 

5-12.  Homer,  The  Works  of.    According  to  the  Text  of  Baf.umlein. 

With  Notes,  Critical  and  Explanatory,  drawn  from  the  best  and  latest 
Authorities,  with  Preliminary  Observations  and  Appendices,  by  T.  H.  L. 
Leary,  M.A.,  D.C.L. 
The  Iliad:       Parti.  Books  i.  to  vi.,  is.6d.       Part  3.  Books  xiii.  to  xviii.,  is.  6d. 

Part  2.  Books  vii.  to  xii.,  is.  6d.      Part  4.  Books  six.  to  xxiv.,  is.  6d. 
The  Odyssey:  Parti.  Books  i.  to  vi.,  is.  6d       Part  3.  Books  xiii.  to  xviii.,  is.  6d. 

Part  2.  Books  vii.  to  xii.,  is.  6d.      Part  4.  Books  xix.  to  xxiv.,  and 

Hymns,  2s. 

13.  Plato's  Dialogues:  The  Apology  of  Socrates,  the  Crito,  and 
the  Phsedo.  Erom  the  Text  of  C.  F.  Hermann.  Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 

14-17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisford. 

"With  Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and 
Explanatory,  by  T.  H.  L.  Leary,  M.A.,  D.C.L. 

Part  1.    Books  i.,  ii.  (The  Clio  and  Euterpe),  2s. 

Part  2.    Books  iii.,  iv.  (The  Thalia  and  Melpomene),  2s. 

Part  3.    Books  v. -vii.  (The  Terpsichore,  Erato,  and  Polymnia),  2s. 

Part  4.    Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

18.  Sophocles:  CEdipus  Tyrannus.    Notes  by  H.  Young,  is. 

20.  Sophocles:  Antigone.  From  the  Text  of  Dindorf.  Notes, 
Critical  and  Explanatory,  by  the  Rev.  John  Milner,  B.A.  2s. 

23.  Euripides  :  Hecuba  and  Medea.  Chiefly  from  the  Text  of  Din- 
dorf.  AVith  Notes,  Critical  and  Explanatory,  by  W.  Hkownrigg  Smith, 
M.A.,  F.R.G.S.    is.  6d. 

26.  Euripides:  Alcestis.    Chiefly  from  the  Text  of  Dindorf.  With 

Notes,  Critical  and  Explanatory,  by  John  Milner,  B.A.    is.  Cd. 

30.  yEschylus:  Prometheus  Vinctus  :  The  Prometheus  Mound.  From 
the  Text  of  DlNDORF.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Rev.  James  Davtbs,  M.A.  is. 

32.  ^Eschylus  :  Septem  Contra  Thebes  :  The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  James  Davies,  M.A.  is. 

40.  Aristophanes:  Acharnians.    Chiefly  from  the  Text  of  C.  H. 

Wi'isk     With  Notes,  by  C.  S.  T.  TOWNSHBND,  M.A.    is.  Cd. 

41.  Thucydides:  History  of  the  Peloponnesian  War.    Notes  by  H. 

Young.    Book  1.    is.  .  _ 

42.  Xenophon's  Panegyric  on  Agesilaus.  Notes  and  Intro- 
duction by  Ll.  F.  W.  Jhwitt.    is.  od.  . 

43.  Demost  henes.    The  Oration  on  the  Crown  and  the  Philippics. 

With  English  Notes.  By  Rev.  T.  H.  L.  Leary,  D.C.L.,  formerly  Scholar  of 
Brascnoso  College,  Oxford,   is.  6d.  
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